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^tli« course is d««igis«(i to provitte tli» 4t«d«it with -'iiiforinatioti about «l*ctWe*l 

S^ta?St1on* teTinrTd '1^'°"^ 'system . and tli^Jo::'^^^^^^ 

installation, testing, and aaintanance. The couyse consists of four\oluiMs: 

^ , - 

Volume I — Introduction has an explanatioa^n electrical fundamentals ' * 

and. trouble analysis. Fundancntals of telephony are also 
expiaineu. » 



Voluoe 2 — 



Volume 3 — 

Volume 4 — 
I 



Telephone Construction and Rgp«tr explains both aanual and auto- 
matic systems, the basic principles of central office switching 
and .describes teleplwnes and telephone components. Infosmation* 
about telephone trou^hooting. mainteaai^ce, anji repair is 

• included. - ' . 

Substation Installation presents information on the materials and 
attachments used in connecting telephones and scacion apparatus. 

Key Systems and Interc ommunications describes the varied uses and 
operating principles of exemplary key and incerconmunicatinK 
systems. . . * 



IclLnnl / asaign^^nts. The fouV.volumes of the student . 

workbook correspond wicn the volumes of the student text. Eaqh student work- 
boot, contains review guides, plus chapter and volume review exercised 
course is designed for student self-study. exercises. The 
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AN EFFIOEST bekpiioae equipment instaite-itspiinnin uiKknduxb the theory of 
deeincai and Kli|^hoot draiitfy^ ud the oonul fiuictiow of ^telepboae stmiiQa . 
equipom^Thii loiowtedge pdt^jta him to mikt npid uniyMi of {m^bmNe troubki. 

T&ii CDC IS iMtt for kme ituc^ 
Using ilia c wvunc t inn wish the oo^tte^job tniniiig i^vpm you for uadsmidm more 
oMipln tiiiEk- Yon wOl (tad ttm thaw ootnplfai Mks oten cooiisi of muy simple 
dutw «4iidb tre ooc dpeu^ 

tnioiog can be done whUe you m helping your ocganirifinn lo perforas ill misaioii. 

Foe you, dus come nu^ be oniy a review, but for some U is an imroductwn to the 
t ei cp hooe equipment tnstaiter-^uipment ladder, U prcKmi iDKxmaaoa about electrkal 
tundamentaii, tramistors, teieptaooy and cetepncHie syuema, incioding descriptions of 
telephone ctrcuia whids are representative of subsets, key tetepb(»es, and interoffice 
ffl mmurucat io ni systems* In addition, it provides infonnation about c^lepbons station 
i n s ta ll an QO, testing and maintenance. Supervision and mansgonent is also covered 
briefly. - . 

This volume ii the first <tf four volumes. It includes infocmation about career 'field 
duties and responsibilities, the q»eciatiy training ttandard, prerequisite quaiificadons for 
progression, fi mrisnyntti s of management and wpesvia^ and security. Further, it has 
an ea tp la nat ion oo electrical fundamenmis and trouble analysis^ Fundamsntils of 
telephoo;^ are also explained, 

At the end of this volume is a glossary, which d^nes many terms or words that are 
related to your job. Regular reference to it will oftim provide vou with a quick 
understanding. The ai^muUx is your ^)eciaity traming ^an^trd, ^hich is annotated to 
give reference to the specif tasks and the Applicable dupiers and volumes which ha%e 
infonnadcHi about them. In a separate booklet are review e^^rrcises for the chapters and 
volume. 
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AS YOU PERHAPS coodudfid from Chtp«er 1, the 
imtafler-rqpairmu is coocenied primarity with the 
iniutUtiofu miintenxace, and operitioo of 
teiephoM cocmnimk»fk»i equipment. To do your 
jofr in ct^ese aretsrlt oenssary that you have an 
uixtenauxiini oC how the cquipme&t operates. Since 
this equipment is eiectricaU we will o^iain tut 
poitioii.of electrical theory which ts neussaxy for 
clear ui^derltapding of the operating principles. 
Let*s taik^about electricity as it is used in telephony. 

2. Our discussion will include dcctrott theory of 
matter; electrical syrnboU; distribioion of wUage, 
current, and resistance (including cakuladoos in 
series resistive, paraUel resistive, serks-^parailet 
resisfve^ and resistive bridge ciroiits); magn^ism; 
sources of electrical energy; and electromagnetic 
devices*. We conclude (he chapter with information 
about trouble ansiy^is. 

4 

9. ElectrM Theory of Matter 

9-1. Acc<nding to the electrcMi theory, aU physical 
materials are opposed atoms. Each atom 
consists of a positive m^leus with one or most; 
negative charges (eiecmxis)* The electrons revolve 
around the micieus. The atom of ooe element differs 
from the atc»n of ancKher eionent because it has 
either fewer or more electrons around the mideus. 
Thus, the charges of the two atoms are different For 
an atom to be m t^knce« die calamity positive 
charge on its nucleus mvai equal the quantity of 
negative charge provide^ by the electronk An atom 
that loses an electron is unbalanced: it now has a 
greater jf>ositive charge since part of ti» negative 
charge has been lost Such an atom (positively 
charged) has an attraction for motive electrons and 
fc^* the . negatively charged atons. Gsmersely, an 
atdfn with more electrom dian niKroal is also 
unt^lanced But it is negatively diaiged and seeks a 
positively charged »UHn. In the resi(knt course, ytni 
learned the basic electrkal law that applies to this 
condition: unlike charges of dectncity attract oich 
other, and Uke charges of electrkaty repel ach 
oth«. 

9-1 A battery is a unit which is electrically 
chargtti It is connected to a drout comssting of 
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predetermined decttoate devico. Sii»;e the positive 
termitttl of this b«»y haa^abo^i|3f electftios 
arid the ts^gative lermhiai has an* excess immber of 
dectroos, electxom flow firm ibe negpive lerminal 
through the ciimt to die pbsachoe tvminaL The 
mimber electroas th|t pass thrm^ the drcuit 
within a certain period of tispe is determined 43iy the 
dectron^ devices and by . the strength of the 
dectricai charge as the source. You learned dtfft this 
rdati<mhip is spoken of as Ohm*s law. Furthjer 
discission about this law is provixied in Section I Z 

9- 3. You recall that according to this law, the 
^^oum of dectroQS flowing in the circuit is, at any 

given time, determined by dividing the resistance ^ 
into the voltage (I E/R}.?This de^tric current is 
measured in amperes (miliipmperes or . 
microsmperes). One dfeci oi current intf drcuit is 
the creation a miqpetic fidd. Under ^certain 
conditions^ current also produces light and heat The 
effects that result from dectroo movementar^ basic 
to the operation of the telephone system. A 
telqshMe syston uses relays which operate because 
of a magnetic field It has alarms which also operate 
because of magnetic effects. The alarms are noticec^ 
because of lamm which operate as a result <^ 
current heating cnects. Lamps also are stip^vision 
devi^ CHI switchboards* Heat is necessary for 
keeping a system dry« yet is unwanted wi^ it is 
excesauve. Etectron flow am produce a chemical 
^ctioa 'Homsver, this effect b of Umittd value for 
our discussion, We are mme concerned that ycm 
remember that a chemical actkm affects the 
tdephooe system. You learned that each teleplK)m 
system inducks a battery. A Battery is a unit that 
produces electridty from a chemical , ai^on. 
Electrons fiaw in the eiectrolyie i^om ds^*ppsitive 
terminal to the negative terminal as a result of this 
diemical action. Corrosion^ which results IrcHn 
choiical action^ is harmful to tielq^hone system^ 
components. ' 

* tO^acttkaa terms sa^ QectHcaJ 
Symbots Review / 

10- 1. A technician in any; career field tfiat 
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inclufki ctecuical equipment can speak fluottly with 
fTien in his and in aUied fieidi, Duriciff tbeix 
difcmikim, they use urmi thu are job reUfied Tbe 
techniciM wtil use eleciiicsl ^ym^^ n^ien 
pre$entin$ * a drcuiu since they simplify the 
presentation and permit i more rapkl understanding 
ot' the circuit principles. 

lO-l E|«etricai Tarwu We know that there are 
nuiny wrms whkh appiy specifkalty to electrical 
Circuit descriptiods. l^>wevert it » not necessary that 
M [nention every term because many are fatjiiliar to 
atr electrical systems repairmen, whinher works 
with automotive, electrical systems, building 
ciei^rical systexns. radio ^fystems, or telephone 
systems. You have seen the tenm ±mi we are listing 
before, in die resident ^>urse Mudy matermls. 

10-3. Diffkrmi^L The differentiai feature mults 
because of a difference in quantitks or quality! For 
instance, a differentiai relay operates or fails to 
operate because*of the diffoence in current Currtmt 
in both windings prevents the tday from operating 
because of magnetic oppositicm. On the other hand, 
current in only one winding causes the relay to 
operate. 

lO^. Efter^zetL Energized refers to a condition 
in which current is flowing in the device; thus, it is 
operating* This ;ii^^ent may not hold true in all 
circumstances, because some descriptions 5pecif>' 
tfntriflzed as the condition in which the device has 
preoperational cturent; thai an additional surge of 
current follows which operates the device, 

10-5. Prepafing a drciUi. You will often, fuui this 
expression used when the circuit activities of 
communications equipment are being described It 
identities an action within a circuit which has several 
open contacts, where one part of the circuit has just 
been closed However, the opmting circuit is not 
c^npletc until all remaining open contacts are 
closed. 

10-6. Ringing, Signafing is accomplished by 
using alternating current But it is the usual practice 
also to connect the ringing l«d to a lottery source, 
because this connection pmnits an associated relay 
to operate to cut off the ringing. A polarized relay or 
3 siow-to-operate relay may do this. In addition, 
making the ac circuit a low-value oirrent circuit 
while the dc circuit is developed to have a greater 
current flow wouki aitow this cuto^ operation. You 
will often see this connecting procedure referred so 
as superimposed ringing. 

10-7. Additional terms used iir the 
cemm^cation field can be foumi in the glossary. 

10-S. Cleetricml Symbols* Symbols which 
represent the various electronic devices on electrical 
equipment schematic diagrams often dif&r. Figure 3 
shows symbols with which you should be familiar. 
Thinking of each symbol as a part of ihe circuit and 
understanding its function makes the circuit analysis 
easier. As a result, you can determine, locate, and 



repair troubk ^Kne rapidly. NOTE: A capacitor for 
. a circuit o^uld be shown with or without a ctirved 
^Uoe. Similarly^ ac generator! can te rapreMnied in 

ihdpe My^ 

fO*9. Figure 4 shows the rdatiomhip of some 
devices in a^ircuit fcM' one commonicaciou systeii4. 
You wtU Seam more aMw this drcub In Volume 4. 
On this figure you can see^ ifhat the n^ative of the 24 
volt batt^ (k!) is connoted to Ae B terminal of 
the fbur t«Uyi (A, ST^ and f^l). In addition* 

' contacts 3 anfi 4;T of reiay.B appear beside relay 
FLl. This .appearand is not a true representacioa of 

t tteir position beause they, are acmaUy included 
within the framework of relay B and beside contacts 
2 and IT. Jit is noc good practice to mratorize 
schianatic dUgrai . for dreiua because this type 
illutiration can be misleading. Other ciraa symMs 
for f^ure 4 are oompar^ to the symbott of figure 
3. For example; ^raigitt Urns for conducton, dndes 
that represent terminals, and conductors that cross 
without making i connecticm. Remember, when you 
place variouf symbols together in a specific mannerv- 
you have an electrical -diagram. 

IL Electricai Diagrams 

U-1. We saw that figure 4 is a schematic 
diagram. You know that there are many diagrams 
that can be used to simfitUfy circuit analysis. 
Consequently, yOu shouU no^ find it difficult to 
underhand the theory and prindptes af a tel^hone 
circuit Wcxd descriptions are also used with the 
circuit dis^rams to mcrease yEHir understanding. 
Diagrams that we wiir desoibe are: sch^nadc, 
wiring, bUxk. and line. axKl contact 

! 1-2. Sdmatic Diafraa* This diagram (see fig. 
4) is most c^tkn used wtoi explaining the ciraiit 
relationships .because the circuits are easier to trace, 
The schematic allows emphasis of the important 
features of the drcuit Cbnventional symbols are 
i^ed, t»it their position or placment does not 
imessarily correspond to the location of the actual 
part within the equipment Since schematics are not 
trws pictures an equipment drcuit learn the 
principles a( operation of devices of the drcuit. 
This includes a knowledge of the current in the 
drcuit^ the voltage at the various componencs^and 
the powo* requir^<mts. Effei:tive umiersunding is 
made possible by breaking tht complex drcuits.into 
. a mtmber d simpk drcu^ts. Frequently, certain 
small groups ot' partt form^ relatively simple units 
within the complex drcuit For example^ a diagram 
of a complete teleptUHie sy%tep ran be brdken-down 
into a transmitter dc^fuit a receiver drcuit a ringing 
drcuit, relay drcuiu, and several otiw smaller 
drcuits. You should l«rn to. recognize these units 
and relate them to the (Mhcrsj Each unit should be 
understood or th<H^ht of in xsvm of its fux^on in 
the drcuit. Also, try to visualirc the actual unit 
position in relation to its position in the schema^c. 
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lii-3. Wiriag Di«fraa« This type diagram 
illustrates the actual position and connection for 
each piece of equipment Because of the emphasis 
on tbt connectipn of abies and teniUnal wiring, it is , 
not readily tised when ycnr^are attempdn| to 
understand the operation d:' a circuit 

U-4. Block Dfa^p^B. The essential u^ts of the 
system aife drawn in the form of blocks* and thdr 
relationship to each other is indicated by 
appropriate connecting lines in. a. block diagj^. 
The diJecticxx or sequence -dl *operat2<m is of^ 
indicatra by amows. 



11-S. Um aad CoMMt DUj^rM. Often called a 
drawing* this illustration is a rqpresentation of an 
electrical drcuit and its comiectkxis through the use 
of lines axui symbols. They wmdly. contain only one 
simple drcuit. which it^fer/t the pcN^ soura aiui 
terminates at a ground or vice^ versa. Figure S is 
such a csrcttst^In it you can see that ti» power 
sQoice is tepitsented with a m^ative 24 V (^^U) and 
a ground symb^ You shmtM remember from your 
reskieat training diat the X in the line drawing 
itMiicatcs that tt^ device, which it fepre«£&« is 
opcwed. For example, die BOl above the X in die 
line draw^ of figure S identxfks. an operauxi relay 
in the JS3033B equipn^t Because of this relay 



of^ratii^;, comaoc 12 is. operated. As a result^ relay 
^ ii^ the JS3033M equipment operates. The 
opiating circuit for relay A also includes 
nonoperated conta<?ts 3 (relay Al)« 3T-4 (relay ST), 
and lT-2 (rday In addition, two terminals (36 & 
38) and the STl Icad^ ve in the ^circuit 

I Remember ttut we halve illustrated sample 
circuits of one telqshcxie system; You can use the 
same or similar methods for analyzing and 
explaining dreuits and oper^tinf procedures for any 
telephone system because alt electricai circuits have 
a vojiuge, resistance, and cdrreat reladonshtp. 

iZ Voltegt, Resdv^ace, and Cimmt 
Rela^OMUp m Electti^U Cireitils 

12-1, Wjjttiuw that electric current is associated 
with voltage a|id resistance. Tl»e thjm factors are 



;5 jouM 



\ 

h\ SOI ^ 



Fiiivc 5. Luw and cocMact dnwiag for i key ntiem orcuiL 



23 




Figin & SMHptt tlKateit rdmii. 



tci be fodnd in direct-current, aitarmtii^-cikrent, 
and every other deetrioM dfcuiL . \ 

\2-Z DM-CwTMt Or^ak Am^iyth, Ut i« 
took tf^ftin at ilgure 4 and uifiioe tome restttsna; . 
values for the puipoae of ana^ng'Atis drdb^^Td 
illuitraie. awuming that relay B has 400 ^du 
resistaiicie, we can doennine the-tiunent.ftat a 
required u> tipenue this relay. 'Vou tiwuld recall that 
a method used ((X rna^pg thb detenninatio|i i$ 
cailed Ohm's Law. We know that fl«M-rtw<^pg io diis 
law. the raotance is divided intp thC'Vottage (I » 
E R or I at 24?400). As a resuU, the total current for 
our ' simple Circuit is .060 ampere, or 60 
fniiUamperer when contacts 3 and 4lr ol^a^A ve 
made (relay A is operated}. Our ana!>«s thawt 
the operatioa of relay also compktes the circuit to 
relay FLl. Wha^ ttwnj wouid a ^rriilUamn^cr 
register if placed between contaos 3 ia^4T o£ relay 
B? ■ ■ 



- V2'% We immadiaisiy' recognise that it is 
inpcsaihle t6 dctcnnini tha currat for reUy FLl 

iKF nustaaoi it 

shown forit Agaifu m couid asiiutni a retiattace lo 
pcKtioe this Uw, but it is immrrtsiry since 
jiou uMd it with relay B, and w« wtU use it again in 
.this chapttr. We want you to recall that by ptactag 

, the miHi a itinwt er teftds agaiiac cootacti 3 and 4T. 
you hawi^Iioed jtin seriei with die circuk. lliis is a 
rale which you sbopid reinmhnr. Likewise, you 

sl^uiuid place the mottr contn^ so dutt die meter is 

. prepared to read, high value ourem, thiis protecting 

. the meter fttm damage. 
,^ 12-4. The^ operated B reUy also opens die 
operating eireuit fiore relay A. Now, we realize that 
our {Kcvious kattmeat in paragraph 12-2 was not. 
totally ttxTCCt Operased (day B tOMpd 
ami 4T togeOidr^^ the openiiiig cii^iit for retey 

/aod 2 of relay A are opca umil relay A ^releaKxL 
C hw tf q tOT t ly, yod maj^>Qtk?cr relays B and FL 1 as 
beixy paralld op):ra^ rdaya at the moment titm 
relay A ^ neieaMcL 

12*5. What arp sqim (tf the that you learoed^ 
about parailei devices in electrical circuits? The 
voltage acnxa each device is the same and the 
current from the: power source ^Uti through the 
imuicbes. This cmrent is determined by the btanch 
resistance and the totglvbltage. Furthermore, the 
total ramtanp^ i»^,a paMH^ drcuU b less dxan the 
^smallat t»ranch 'resistaiice. Figure 6 will help m 
' re^ew these rules. For imtance, the twelve ohm 
resistor has only two amperes of q ' .cd% whereas the 
, waller (8 dun) resbtor has three amperes. 
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Multipiytag the dimnt in eads branch by ici 
resisance reveals thitt the, voltage for each branch is 
24 vQltt. To die»rnune ^ tocal resistance tor the 
circuit, use Ohm's Law (R - ^it As a result, the 
cito^t resbtafKC is*4.8 c^ms.; 

)2-6. We used Ohm's Law for ^tennisiii^ 
^cuTTcat in a dc arcuit E • IR and R «p E/I arc 



ai$o applicable. Ohm*i Law ^ uififui in ac drctusa 

< Altt rw uia t- C w npt Clrciiir AMijN^ 
Rtu« 7illititzat» t fiusttfe-wilfe U7 *^A»ife it ii» 
input source: yet, the plate dteuit for tfas nctifien 
hu 40Q volts ac. How is tha increuedvcl&me 
possible? The infonnatioa in the foltowiog 
paogra^ provkki tbe answer to this (|UMtk». - 

12-8: We kaour chat muy effocts^muU (torn 
magoeitoi. Magofiiisai eaabi^ relayi to hmctiaiL 
Maf aeiiam aa it affepti fd«ys U oovsred with tte 
equipiMnt whicb umi them. You wiU Sod the 
infonnaiioa in Vduine 4, Mutual indacttei aod self* 
inrtiMtinn are fnagneiic cffbcta. Akbau|h tw^ywi^ 
effecta any actuaUy be ioaepani^, we wiU view 
them aa iodtviduai elemenia. We will fim review tbe 
ue of a mafoei, mociocu add coodu^m to g emrate 
attenmtiiif durcat 

, 12-9. Cmeraiing aUernaiing current. Yhc 
demoutrmtioa shown, in figure 8 U repreaenative of 
ttKM (hat you saw in tbe reakkat course. It reveals 
die three haon which are neceasaxy for generating 
aitenadng' current a magi^^ic field, a, looped V 
coEK&ictor, and mocioa ain see , diat the 
movement of the cod onto (flg* 8£)'and up^ftom 
(fig/S^Q the pomanent magnet is reflected by th^ 
meter. Tbe meter poimo' moves first to the 5 at tiup 
right, then to the S at the left This same prindpie^ 
used in* a generator. In tbe generator, the coU 
windinp roca^ dsiough a permaoeat magtieiic field. 
You learned that the number of Unea of magtietic; 
force wfai^ are cut per second by tiK looped 
conductor d^ermines th^ strength of tfaa voltage diatj 
is lnduc«i in ti» conductor. There are a greater 
mmtber of magnets apd a laig^ number of 
conductors in generatofi than have been shown in; 
figure 8. These additional osnducton and dlagnetic 
poles reauk in an increased voltage and frequency 
fqr the generator's outfHji over that which* is 
developed m ^ demonstration. Remember that the 
same effects re»ilt if tbe ma|nec is moved ami the 
coil is J held immovable. . 

12-lu. The major diffarence between ac and dc 
generates is dieir* external ccnmectiona. An 
graerator has brushes and sliprings, whereas a dc 
gmmtor has brushes and a commutator. Figure 9 
picti^ two magnetic pbks for a generator and the 
armMHp which routes between thra. The cnitput 
volage developed by this rooting armature a called 
a sine wfVe. The penk volta«e is produced by 
conductors at ^ 9(y* and 21^ poa^Ms of 
We are4ddom conconed witii these pesic voltages/ 
siitce the equipfl»m noAnaily 'operates with (he 
efi^pcfive value of ac. E^ 'sioe wave reprcMnts an 
ac cycle. The munbn^ oi c^ies provided per second 
resutis in the ac frequency. 

NOTE : A frequency term diat has been ado^ai 
in Ae deotronic field is tbe word "hertz," "Hertz has 
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the same maiuog as cycles perrsecooSi and it is 
abbrevimted u hz. By the same nkesu the term, 
'^lulohem;* abbrevitied ''khzi: /-hai ifae same 
meaning as iulocycle. 

A moving ipagnctic field provides the 
craasformer action which increases tte voitage in the 
secondary of T, (fig. 7) to 400 ac^Tte 
magnet^ field expands and thus mc^ throughtthe 
phmaiy Minding and the secondary winding of the 
transfonmer. You learned Aai the magnetic effects 
on Che primaiy winding is called setf*inductu)n. The 
effecu produced by the magnetic field of Uje 
ptamary moving into the secondafyare refermi to as 
mutual induction. In both windings* the induced 
voltage is in opposition to the inducing fold's 
voltage. , 

12-12. Self-induction, The counter ot^Jliilck 
voltage of a self-inducing device, which has coils or 
windings, cannot be seen. However, its cffcctt^arc 
very noticeabk. Lode at the coil of figure 10. This 
coil is ihown with SO ohms oppositioa We know that 
hundreds of to of wire are required to obtaiq just a 
few ohms of oppoii^on:^^. resistance of wire is 
determined by ±p diameto' of tlMS wire and the wire 
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cype^Wire in the coil of our illustration, the;!, is not 
likely to provide ihe Indicated opposition. The seif- 
^induction featufe the coil prbvictei the greatest 
opposition for the circuit The self-induction 
opposition of a coil is changed wittf ac frequency 
changes. 

12-13. The oppoiiticHi shown fcx the coil in figure 
' 10 would "be further increased if it contained an iron 
core. The iron (fore^ allows fo( a better transfer oi 
magnetic flux between ^the pon^i^r loops than does 
' an air core coiL Jhis is th^ reason fcrihe increase in 
opposition. To illustrate* asauune that the coil in our 
figure has SO millihenries of Inductance and that it is 
' replaced with an i^«n core cot) thgt ha3& 1 henry of 
inductance. The oppositi<»i to the circuit current 
shcHiid increase to approximatej|^ 1000 ohnu. 

12-14. Let us' think about the circuit of figvre 10 
again. The curretti in die series circuit is 4 amperes 
and the of^xxitiotf offered by the coil is SO^obms, 
Usixm^ CXmCi !aw« ycm learn that the indicated - 
voltage (200 volti) is correct You shouki provfe the 
values shown for the capacitor, too. 

12-15. What else do you rememba about dhe 
circuit of figure 10? !s it a' resocum circuit? You 
shouki recall that tbe-opposition q( the iikUictor (Xl) 
must equal the^^opp(»ition of the caf^cito'r (Xc) 
when a circuit is re^mant This ilhmratad circuit , 
does not show a resonant conditic^ siiKe Xi is 30 
ohm ami Xc 4i 25 ohms* The firfiqt|ipKy mitft be 
decreased to bring the two reactanc(^ cqusLl 
value* since Xl decreiies aiid Xc inoreasis with this 
reductioit You aitsd learned that th^ impedance of a 
resonant circuit ir equal |d the resiitanQe« since Xt 
opposes Xc In figUK^« the'pesbono? 'Would t>e 
siigiu at re»?aance because ttor is no resistor in ±t \ 
circuit Consequent^, with minimum opfK3^tion ^t* 
the resofum' fr^^uency, the current ii high This: 
illustrated figure also remls aiiodm* charai^Mic 
of a^ ac circuit with a stfks inductor and capacitor. 
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The vottaye at each reactive device is high wh% 

« comparBd to the iqpiu ,vobaf 

. U-I6. . A teries-fiioaam drSiit is uiad to Alter 
an WesirBd fiwtieocy ftotn « cireuil or, as dften 

stated, "10 pass the uDdesired fiGptH^I^ Id " 
It is'effective beeame it appeaia asa%on^rcuit to ^ 
' the resonant frequency ^t as high o{^;x^a|i .to 
other frequencies. 

12-17. Figure 11 illustrates a parall^V 
arrangement of a capadior and an tnducQtHi'eoiL 
Since they are in parallel with the sourws of pow^ 
we know that t^ch device has lOO volts applied to it. 
Thus, you canvfiheck the HstMcircuit ^lues witi>J 
Ohm's law' to ve*ify that theyfa^cpntct The total^ 
current shown fov the circuit orthis Qiure should 
^Ip you remember thai this type of circuit is-, 
oharactoized by having minimum curreit at 
resonance. Also, we can aiiKlude that a circuit / 
which has minimum current must have high' 
impedance, the primary need in o^u^imem with this 
type of circuit is voltage stability for one frequency 
and good discriminatioh against the oif- resonance . 
frequ^icies. lodttd. a pluailel-resonam- dreuit is 
widely used in dectronic drcuits for restricting 
frec^itencies while passing anotbS frequency or for 
. passing a frequ^cy" and its (closdy related 
frequencies).' 

12-18. Mutual induaiptr. We know that dtis type 
of^lnductio6 is accomp&hed magnetically linking 
the primary dreuit of a unit vo the-tocondary drcuiL 
-^Such a linking^ device tib been , i^tifl«l as a 
transformer, induction coil, or repeating coil. The 
Q'ansfonner osn provide a greater or lesser voltage 
from the secondary thai| is applkd to the primary, as 
well as an outfHit volt^e of the same .value. 
RrmembfR thq transformer oiuputjwltage is Ways, 
ao Mted^ th» immary ii^kt^ is imanpted dc k. 
The turns (ioo(») ratio. betwe»i the primaly and 
secondary ddermiaes the voittge itlattonsiup. You 
teamed that a tnn^onner which has the nK«t turns 
in the primaiy has a» output voltue kswer than its 
input voltage. Of course, a ^ansforba^n have a 
combinatioa of «ep-up and step-down secondaries. 
Transformjcr T, of figure 7 has three' secondaries: 
two are ttep-down types and the third is a step-up 



typ«. The two' short ;sMoodtda« (fiiafiitiu 
iccoadariis} d thi flgun hivt lasi dwa U7 volti. 
Tb« sfMluy 
wi^ 400^ |£; liToti s&Mid 
tht pdwtr ia at sacoodarias cftnoot txcaad tfat 
power of the primary* Tims, the cuitem reUtiooihip 
lion ^<iqf^ thi voltage pAttariL To illiotraiB: the 
'ctttrent^in the rectifier plate seeoadary will not be 
greater than that in the Sianievt seeoodaiies. 

12-19. Iroh cofsi are also used in devices whkh 
operate because of mutual indticfion. The greaCer' 
m ag netic flux transfer providas for increar^d 
efficiency. T, of figure 7 contains an iron core, as is 
symboluEed with the two long lines between ^ 
primaiy and secondaries. Because of die magnetic 
) Unk between primai^ and seeoodaiy. it is lofical 
that any chai^ is one wiU affect the odier. A 
j^xrease in the toed (opfjositiaii} for tbe seeoodaiy 
am automatittUy incroue current in die secondary 
Knd primary. This is it reason for a (lise becoming 
open in a prTwy circuit when a resinive devi^ 
becon» sixMted in electrieai eqtupnMnC 

12-20. What is the total oppoaitioo of tl» input 
circuit for dv equipment of figuce 7? You know the 
maximum current and the applied voltage; therefore 
ital resistai^e can be determined by usii^ 
•s law.' Hence, you use R - E/L The total 
distance iS 23.4" <Ams. ' . C 

\2-2l. Figure 7 shows six do pt^tiaU as output 
voltages. What comptmeit provides the differences 
in voliage values? The answer to this question is a 
raisior or several resistors. Resistors are 
spoken of as ciuient Umit«i <^ vologe limito^ A 
10,000^>hffl resistor (R«) provides the „ IS volt 
difference in ouqsut .volts^e arC, and Ci. NOTE: 
This voiuge difference will be seen only if there is 
current in the voltage r^ulator, which indicates that 
the circuit Is operating. 
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Ftfurc \1 Seriei-puslkei bn<l|C circuit. 
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12-22. Our dift^uuioa of th« 
panf ripla bu shoira several Oiiags. Br^tly* they, 

arc: t r' ' 

Caim'i Law aba be applied to any pan a 
circuit or to ibe complete circuit when two 
factors are knomt 

Voltage' at each pmliei ^^andi'ii equal. 
Resonance is a circuit condition where 
reactances are equal^ 
. ti M&gnetism provides ,maity lunctiocu for an 
. electrical circuit 

12*23. Four additional ruifs are atUo true. You 
learned diis m your resident cbune study. They are: 
(L Total current is equal to ^e sum oif the 

^currents in^parailel brandm. 
b. Current is the same in each part of a series 
circuit • . It 
Total resistance is ^ sum of the resisk)n in a 
series circtut and the reciprocal of the sum of ' 
Che reciprocal for the resistors in parallel The 
produa over the sum method is also useful for 
determining resistance in a parallel cirsuiu in 
ttwie cases. * . * " 

Total voltage is equal to the sum of the diops 
in each loop of^ series-parallei drciiit 



of each ^nii^ are two termimitt tdemifted u A 
«ad & Rgiin 13 is samt 
^^^^^ •^^yii^^^^^^jj^^^^^— •'^i^^^^fcsfli/- -Jcj' '.IEjoiii^bsi i~^^ja . 'iC^j^ad^tiCfia^^^&^s • 
dismoadsbipt<tfibi^ drcui I^ dM to 
tb« eoR^to. boimr, tfaKt mm t» • load of aoa» 
kind coemeui btcmma unnioal* A iunS B. Thi» 
may bt a mitior, coU. or any ow of aumiroiti 
daetricai dcvicM. la moit tm equi{»iant. it is 
norsaal for tba (Jevici iR>{ha poittiott to be a 
^aivaaometer. Tht gafvanoneCtf fhows the oureat 
tljat ti flowiog yriian the htidgi ia unhiiinccd. 

.I2.26. Wtet makai this bridfe circuk baianced? 
The luawer to dus quiuioc ii tfaat a balanced bridge 
drcuit hai pbtemiai difilBrcace between xerminaU 
A and B. A Mcond queitioa is: How do you 
foregottii^ determine when a bridge dicoii is balanced? Two 

tnetbods by wfafefa tins ouy be done aie the 
ratio reUt»a mahod and the GUni'f taw method. 
We wUI Hist show ^ ratk) reUtioa method. 



12-27. In flfuze J4 |he bridge drcuit has had 
arrows added that s&MT the reiatkm beewvia the four 
nsiMori Nkjte diu is £wi<» as large as R,. and R4 
is tsvice as lai^e as R,. Therefore, we can see die 
relationsh^} that foUowt: #' 



c. 



12*24. R»bibe BH4fi Cf/te^ AMiyiis, ,The 
bndge drcuit is basically a pamUel arrangement 
with a load or c^me s«t connected between its 
branches. It u >td in ntunerous applications in the 
communicaiicctt r^id« especially in test equipment 
and power supplies* Bridge circuils noay be 
^onsinKted with {ptther fixdt or adjustable 
^cdmponents and m^y cbmain such items as fixed 
resi^oni« wiable resistms* d^^ capadtws,«or 
^nduoors. in additioa. die br^e circuit may be 
regarded as baiao^ or unbalaod^ We ^ilf first ^ 
consider a baMtnml tnidge, . ' , 

* 12-25. Balanced* b^^ge circuii. In figure 12 
can see a ptraltel drrait ctHisistii^ of two branches: 
each having two smes connected restston. We know 
that current flows in each branch and tte two 
currehts Join to return to the battery* the center 



From the above pixibiem, it can be seen that the twc 
brandies have an equal ratjio. FuithemkM, the ratio 
4or resistors and Rs is equal to the ratio, Vor 
resistors R, and R^ (*/3 - ThOa, the drcuit is in 
balance. 

4 - 12*28. To check the drcuit by Ohm*s law, wc 
^ muse determine tte potential dilf^ence. if any, 
^ between terminals A and B, To do this, foilow four 
steps: 

(1) Detttmine the raistance of branches A and 

(2) Di^o'mine llie current for branches A and B. 
' (3) Catculaie^ voltage for terminals A and B. 

(4) Find ih^ potffitiai difference b^ween 
terminals A and Br 





Figun tS. Unbtiaflccd bndfff citoml 



12-29. Since the resistors in ojch bnach of our 
bridge circuit «re in lertet. we can tdd ima to get 
the ttxal rcMsuace of that bnnch. To iUustratt: 2 
ohms plus 4 ohms in the A-terminii bnnch results 
in 6 ohms tocaL The B>ierniinal branch has 9 ohms. 
The voltage at each branch is equal to the »pplied 
voltage (iSV). Now. M«,have the voUage and 
resistance; hence, we can solve for. the current in 
each branch. Using I » E/R, we find die current to 
be 3 amperes in branch A and 2 amperes in branch 

12-30. Return to figure 13 and picture R, as 
having 3 amperes and R, as l»ving 2 anper«s. 
Again, we have two factors (or ach resistor. 
Therefore, we can get the voltage at those resistors 
by using Ohm's law. R, has a vpUage drop of 6 volts 
and R, has a voltage drop of 6 volts. The same 
proceduresJfre used to get the voluge at resistors R, 
and R4. 

12-31. ^fow compare the voltage at terminal A to 
Che voluge at terminal B. Since both tenninals are 6 
vcMts negative in respect to positive battery, it is 
evidott that the circuit is balanced Of ojurse, you 
can also consider dK two terminals 12 vohs positive 
with respect to n^ative battery. Again, it means tiuit 
the circuit is bslanced because there is no potential 
difference between terminals A and B. |f a. 
galvanometer is placed bctwera t&minals A and B. 
there will be no Current flow dirough the jneter. 

12-33. Unbalanced bridge circuit. The 
unbalanced bridge dreuit tms a potential difference 
between terminals A and B. Therefore, current will 
{low in a galvsnometer dat is ooonecttd between 
them. To for circuit waUm in an smb*'iVfd 
bridge. Mke the methocb dascr^ with the balatK«i 
bridge. Take die bridge of figure Ij as an 
iUustradoo. Use die Ohm's law method and follow 
sdte four steps listed in paragraph I2-2S. 

Step 1 (reststanc« 9f brandMs> 



Rj ^ " 3 ohm * 12 ohtm ■ 15 ohim, 
R3 + R4 »6 ohmi 6 ohns • 12 ohBM. 



v2 (cuRttu through branchai) 

f>S/R| { - 1|- • 1.5 anpMM 

Seep 3 (voltatfe u points A ifid B. whm comparad 
10 nogaUve batbsfy cermmftl) 

- IR S • 1.2 X 3 olum •^S.e foi^ 
Sn - IR E • ^ uspmi X 6 ohms « 9 volte 

Step 4 (poCtatiai diff^cnce between tenninml$ A 
' and B) 

- • 9 - 3.6 - 5,4 wltt 

% / ■ 

12-33. At you can le^ from the abov« 
caiculatioos, point B in figure 15 is 9 volts posiUw 
with respect to ti» n^ative battery ler minal. Point A 
is oiUy 3.6 volts poM^ve sHxh respect to the same 
terminal; Comparii^pdinf .A to point B, ^ see that 
B. is 5.4 volts positi\*e with reipect to ttie form«. 
' This difference in potential pormits curcent to flow 
from A to B^wtenevcf a load isH»n()ect«l between 
the two ttrminais* Qt cour^« the ^ current is 
determii^d by4he size of resistance in the load and 
the potential differoice oS the tominals. 

12-34, Adding a gaivaiiometer" to dreuit 
changa the total Tessstan^. which in turn changes 
the curmit in the tmnch resiston. As^ result, the 
voltage is UkewiK changec^ for fhae resistors. To 
illustrate^ assume that tht reiistance thrdugh a 
galvanometer is z^iro. A a>nductor with zero ohms 
placed between terminals A aiKi B results in making 




Ftfure Two ^t%\kt cixmt$ m urm. 



« atw circttU. Cdmput fifurti 16 ud 15 ind ao(e 
Uw diifjirtact. TliU tburt cirauc Hm foomd two 
ptaUii drouft. Alio* the two p*iA^ 
KTMi until ^ t8<^ poM«r sourai. tilt foUovidi 
soluaom show the acw axeaii wUui. 

Sttp i (rcustvKC of bnuurhes) 

R, + R4 12 + « IS 
Stq> 2 (tocai fcsaance of bnnches) 

^ B, ■ 2 oluas -t- 4 obma • 6 obam 
Step 3 (total 



I E/R' I ' 



18 



g I ■ 3 impcra 

Seep 4 (voltage at each bnuKh) 

E- IR 

E - 3 X 2 ohmg - 6 volts (circuit 1 V 
£•3x4 qhaa • 12 voit* (circuit 2f 

Step S (current in each resistor) 



I 

I 

I 
I 
i 



E/R 
6 
3 
6 
6 

il 
12 
12. 
6 



2 unpmrm (R^ ) 
1 »mp«Ti (Rj ) 

1 ;unp«r« (R^) 

2 &mp«m ^R^) 



21V 



40' 



R2 
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Fifurc li. Bride* cireuit with vinabti miMor. 

12-35. Thoe otw vilufii* with a gah«ik)j?ifiifir 
between the termioaU. are tUuitrated iai figure 17. 
Pmm this UlttftniioR,<-note Aac 2 luupcm flow 
thnxtfh R,; yet oaly i ampere is shown for reaiitor 
Rf m the same manner, reysior R« has 2 amperes , 
whiieR,has<nlyl ampere: It is evi{knt.theji. that 1 
ampere njjustnlow through the gaivaiwmeter (from 
point A x6 point B). 

12-^. The iolutioRS and description of the 
preceding paragraphs reveal -that loadiitg ,a bridge 
circuit with a^galvanxneter changes tte'cyrrent ands 
voltage from that to be noted when the drcwt if not 
toaded. This effect is true whether the load is low or 
high resistance! 

12-37. in paragraph 12-24 we meniioiKd dtat 
bridge dr^ts could coitfain variable components. 
Figure shovta a bridge drout th^ conuihs a 
variable resistor. This resistor is used to balance an 
unbalaAod bridge. When current is lUHed In the 
galvanometer of lbs tmdge dr<^t« the icontrol of the 
variaBle resistor a rotated ^sitil the current ceases in 
the gslyanomes^. Look again at figure' 18 and 
determine the resistance required for Ri whin 
balandng the bridge. NOTE: The slider redocef the 
resistance by shoct-drcuitifMi ijsistance landings. 
The answer to this problem can be solved by the 
ratio method By stjb^tuting $ for the unknown 
resistance, we on s^ve the pi^iem ^ using the 
ratio' formula: • . - 
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thus 



Therefore 
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R, R* 



X 



3 ofaflM ^ 

4 ohms S ohms 



4)^-3 ohisi' liBUM S ohms 
4X ■ 24 ohias 
% ' 6 ohm* (fly ) 





»«LUAMMETER 
S. REVE|ISE bias' 

- ' ' ' ' . 

We can now iw th«i itmtt aui^utied to 6 ohm 
lo btU^ the bridge. Any oifa^ tatttioee, above or 
teidw 6 ohixtt« ctuM a pocaoil.difTeraice between 
terminali A* and' B. tlib poce&tial ditferenoe b 
indkative oC an itnt^linrtKt Mdfe. 

ll'^i SelM State dt^ Afiiyste. C^^tm has 
been deacribed in wireSv reaiatofa, ^ils, eta. Y(A ^ 
.teamed ia the leaid^ obone that ttie'^NHype 
setskofldudor Ufa? ^ooeraiea hpcauap of eiecdnoa 
[sovcment The P-typc semkoadiuctor is la^uir 

alio karned that the eiectitn hu a atfaiivc di^uie« 
whereas the bok hai a {joiitive dhaffe. The two 
typsn of Kin icon daciOf materials, h|vt bom jotaodi \o 
form sdid*'«ate diodes and tnafiskA . 
13-39. Combining i P-type seaiconduetof wti^ 



an N-iypc samleooduetoc^^ not tmvk ia'a ettrpoB^ 
Oo^ uittii aft«utn»liMr|y Miuoe ii connktid to 
dM Aaed uaib. Eadi-^tenef has i lisMMwistaact 
jdkvAkxi Mii & J)i||i^r«btaM.(T«Mc»)^4^^ 
OOP* «i nq^iiyi'pdttuial » 
in tht dtraetio»o| the low ratiiN^iioi^ oneot Qowf 
thfomfa a.miqin>wm of opppsirioq. 

12^ Simpif diodi drcuU. We\|(aow -diat 
**(<)twwB^ i^**' it jftt appiieatioo of wltiie to a.< 
soUd state device In^ i&aitner. which Dcnn& cunWt 

VV^V ^^^^^^^^ ^^^^ ^ W^P^^ ^^^^^^^ ^^^^^^^^^^^^^ ^ ^^^^^W^ ^P^^^ ^V^V^^P ^ ^^^^^B 

to fiow 31 the fofwaiid direesioa F^^.i9X sbowa ; 
» solid stitt dovioa wiudi haa forward biu. Aa a 
fOiulSe the . milUaiidiilv Ui the eaterapi dscuit 
rcfiMn muiy a fuU-scsk meter dafle^oa 
Reveraial the oomiectksM of die bai^ 
a QNbJbt^ ta tte c wifm— b ecaiaa gf^tbe el»^uui» 
in tBi>N*iypt ouMvial would bi^ attr»cuid lowsid 
poaifii^ battery^ and at dia same tow die posUkviy 
chaifQd bolaa of the n»teial would have a fre^t 
attractks) for negattvettttesyy^a a Jesuit, tbe ipMe . 
ciiarf e area becomes tmad»ad« and cberp are fewer 
eiectrooa and bdes to a^ine* F!gui« i93« sbows 
the effe^ of "reverse biasn do a ?N-tyi«4otid s9fe 

We rqslise, toa that a junction cSevi^ is 
*c£K!^arabie to i rectifier; current flows rndiiy in 
one direction and is rostricted in the reverse 
directid& We know« too, Ithat a device wtucb 
ptoyidlei^ ^-direction (unkiirectionai) current flow 
is also feferrod m as a diode* The symbol of figute 
20 is loed widi rectiiiefi. The i^itter and col^:tor 
nomenclature on tim sytnboi deiignace the rectifier 
as a jancticxi diode. 

12-42. Applying reverse t»as to a juncticm diode 
has proved to be of vitue in electroi^ araiits, 
a^duxigh this conditicm ts usod to a tessef extost than* 
is the^ ai^iication of fofward bias. When the reverse 
bias voltage is suSkient to breakdown the irystai 
axxi allow varying' amoums of current to flow, the 
junction diode p gfo nns as a MsUagf icf ulator. For 
this rtfulatioo be {xxaibie* a proper load resistor 
mtm be piaceti in seliea with the diode. Figure 2i 
should eub^ ytHt to reaU :die priadple of vo&ge 
reg^^ukm ^»hHe using a Zen«r t^ode. While looking 
at this l^fcuit, aisutne that dig i^mt voltage hu. 
if^nasfcL Thip greater voltage, is applied to scnei 
resisft^ and Zener diode' Ol|, This Voltage 
incre^ eaiMs the diode to conduct more cunent 
Nevinrtfaeliii, die. increase in cunent does mx resuk^ 
in i voitage change at die terminals of the diode/ 
Since die iond i^ ^raM to die dk>de, it Hkew^^ has 
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diode AS a «oka(« rcstiuior. 



00 cfaanse ia voltage. Changes in cuncat or volttge 
in the povwr louroe oein tbe load are con^Mosated 
for by the Z«oer diode. In tramiMorised eqii^a»at 
you may see Zeaer diodes uMd as voluge rtguiaton 
because ibey are small, have esceUeat emulation 
charaoerisdci, and QKiuire a tniaimuin of power, 

1 2-43. Stiidon diodes are bdi^ used as rectifiers 
in many electrook powd* suppUes. Thdr smaU siie. 
Sight weight. reiiabiUty. lack of a need for filament 
heat, and high voltige ratings are reasons for their 
use. They can be used with haif-«»ave. full-wave 
(bridge type), or center-tapped trans; wmer rectifier 
circuits. 

12-44, Transators can provide most of the 
fiinctjons required of electronic equ^jraent While 
providing the function, the transistor does aot 
deteriorate, requires a minimum of power, mka less 
spmce than most electronic devios. is shock 
resistant, and has a very high operating effid«icy. 
Included as its functions tre amplification and 
switching, at either low or high ^xed. 

12-45. Simpie rronsistor analysis^ A transistor is 
also in eiectronic drcuita. This device consists 
Qtptf^ vnitt of one type semiconducKw material and 
^' a unit of the second type. Current flow in the 
cransislor is the result of a bias. Likewoe. its bias 
can be cither forward or reverse. You aiso learned 
that an osdiiating potential is provided, in addition 
to the battery potentiais of th« trabsistDr circuits. 
Consequently, the voltage for the tramisfior will be 
alternately slightly higher dun or slightly lower than 
the bias fit by the isittery. To illustrate: if the 
voitag&rOf die bfu battery a 6 volts and dw 
osdllaUng (generator) poteadal is OJ voU. die 
control voha^e will vary from 6J to 5.5 jwUs. 

U-46. Because of ampUikatioa. mai^ f^mctima- 
are posaibk. Each funetioii is often identify 



individually T^ecause its eft^ 
signai dilTerances. 'Since each 
dKMf he to be used separately, 
one individually. 




iuit ia observable 
'» com^nonly 
will describe; each 



12*47. Ampiifltr ctrciatt. You have learned that 
witage, cunsnt. or power can be increased 
(amplified). The input signal to a tramittor can be 

*rtniinof 

(i^tl AmpUantioa is deicribad as tbe difference 
between die ii^ and ouiput signals. For example, 
assome that die sig oai for tte ganeraior in figuiv 22 
is (jj volt Astumt, loo, that the vo&age at the 
collector connection (or k»d resistor) curies frain 60 
to 55 voUi. Thus, die output change is S volts. The 
signal hastiian amfilifiad. 10 times by this tramtstor. 
The coanectioas which make transistor amplification 
poasibie are hot. ahvayt die same because we want a 
variety of results. For diis reason, tramistor 
ampUliers are clasiifM as follows: 
r (I) Coomon^Mse ampHfer: 

^2) Commoo-emit&» ampUfwr; 

(3)' Commoo>K»Uect£»' amplifier. 

I 

12*48* Cbmmoci-bue vnpUikn an also referred 
CO M grounded base ^ ampUfiera. The ciroiii 
iUustratfid ia figure 22 ii a €omxaoa^^»se amplifier 
dxcuiL This typ^ of dicuit has very tow curreni 
amplificatkxi and a moderate ^Icage and power 
gain. CdoieqttenUy, ii is boi the most valuable 
ampUfkatioa device* Hgure 22 revais thai the input 
sigittl is applted to the emitter and that the output 
signal is reflected )jy the load reiisior. If an NPN 
traioi^or had been used rather than the PNP 
traosistm-. the batteries would have been reversed, 
but the voltage phase reiaticHtthip would remain the 
same. In other words« soy positive dunge at the 
emitter causes an ii^rme in voltage across the load 
resisted. With the preceding chan|[ei, a signal 
reiding at the collector would temp<Karily be more 
positive. Vice versa, a negati s ugnai st the emitter 
results in a more negative at the collector 

output tarminai. « 

12-49. Cc^nmtMS-emiticr amplifiers provide high 
voltage zxki pow^ gain; dius, they are used almost 
excliisively in ampiifier circuits. In addition, they 
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Figure 23, CommoQ-emifW ^ajplificr vhemsuc vi^Afnin. 



yield a mcxierate currmt gaia. Figure 23 shows an 
amplifier ssage which has the emitter connected to a 
grounded resistor. The base is receiving a signal 
froR! a coupling capacitor. You can see that this 
type ampUfier has a phase remsai between the base 
and the collector. Note, then« that the operating 
characteristic oi this amplifier is c^>posite to the 
characteristic which vou saw in the common-base 



amplifier. In tiiis circuit* the positive incoming 
signal opposes the bias voltage. This ef tea is 
contrary to tte^^petformance noted in the oonunon* 
base amplifier* The negative sigml at fbe common- 
emitter is also opposite in ^eet lo the negative 
signal at d;^' conimofi-base amplifier* ReiMtnber. 
each small change to the bias voU^e restfto in a 
large change at the output of the amplifier stage. For 
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Ftgure Z5. Schematjc diagram of a cUss A amplifier using 



iransisiur. 



example. 1 wli of change aE thcshpui can reslilt in a 
lO-miiiiampere change ai the oytput Of course, a 
current change is accompanied, by a voltage chaitge 
Resistor FWstabtlizes the amplifier by foHowing the 
^ changes m> collector current To iilusiraic: an 
• increase in collector current causes the voltage at 
toiincreasoi The reduaion in pcwentiai .between the 
base and emiHer reeluces the 'bias current thus 
keeping the amplifier within its correct opcratins 
cnaractenstic. 

12-50. Common-collcctor • amplifier 
characteristics are low voiuge and power gaiH and 
moderate gain in current Therefore, this ampiifter is 
tiscd only in special circuits. Foi- instance, it is useful 
as an impedance matching unit Rgure 24 shows this 
type circuit In it the coltecior is connected to ground 
and the emitter has a positive, potential when 
compared to the collector. In addition, the input 
signal from, the preceding stage is applied tcr the 
base. This amplifier suge compares with the 
common-base amplifier in that it also has no 
re^c^sal of phase between the amplifier input and 
i-Hitput It can be seen, too, that the output signal can 
be taken from the emitter. A negative input signal at 
the base of the tramiuof of figure 24 results in an 
increase in current at resaior As a result 
voltage drop at the resUtor is greater following the 
signal application than it had been before the use of 
the negati\« signal The iiK:reued voltage at the 
resistor results in a more negative Output signal. 



. Accordiijgly, any base voltage change is foilowed 
'directly by on emitter voltage change. We can see 
the basis, then, for referring to the transistor as an 
eminecrfoUower amplifier. 

12-5 f. We have said that Ofe common-emittcr 
circuit IS the most acceptable transistor amplifier. 
You know from past experience that the circuit is 
useful in many ways. For instance, it can be used as 
a class A amplifier, class B push-pull amplifier, or 
in several other applications. Let us now consider a-- 
representative amplifier circiyt and detefmme -some 
of its effects. 

12-52. Figure 25 is a^sShematic diagram of a 
class A amplifier stage. Current will be in this 
transistor continuously, Trx input .signal is furnished 
through a coupUns transformer by another amplifle.r 
stage. The precedTng amplifier could be a vacuum 
tube or a transistor. The output signal from our 
illustrated amplifier is coupled by a transformer to 
the succeeding device. Bias voltage is provided by 
series resistors R, and R,. We have seen that r', 
provides stability and keeps the stage operaung 
within its irarmal linear characteristic. Accordingly" 
a change in the R, resistance will result in a 
distorted output signal, although the input signal is 
normaJ; In the same manner, a change in the 
resistance (rf either R, or R., will affect the bias 
current which in turn distorts the output signal. Thitf- 
amplifier stage is not often troubled with heat 
damage when used as a preamplifier because current 
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is smaU. If* a dau A imptifier is used as a power 
stage, tbere is a poisibiiity of high temperature from 
the heavy curreni flow. You ^1 thcfi see that 
teI!lpe^^ure^^uMrtpe^»atk» ooflt^kxiexitl are iiuibdecL 
in the po|^ oittput stages. -These compensatiQn 
devices prbvide a curr^t feedback and produce 
some signal disimtioit ^)ae sudi compensating 
device is the thermistor, which has ^ decrease in 
resistance when the temperature rises. 

12- 53. Now that we have pcviewed the 
fundamentals of elecvxmica and described some of 
the effects to be noted in circuits which operate 
because of tbese principles, let us dev(^ some time 
to studyittg jtrouble analysis. 

IX Pdadpics of TnnMa Amaly^ 

Searching for troubie U part of your job. Of 
course, in your carw field some trbubles are 
brought to your attetition by the telephone user. Ail 
def^ts provide at least one trouble symptom. 
Thrrtfore. a knowledgeable repairman can 
recognize the need for loctating the fault A 
knowledgeable technician knows ti^ types of faults 
and ^^understands the conditions that caus^ .the 
different faults* Successful troubleshooting results 
from good procedures, accurate thinking, and 
practice. Troubleshooting requires ytm to think 
logically and use a s^i^ce basic steps. Study 
your telephone equipment so that you know the 
trouble symptoms* and where' to stan boking for 
troubles when a symptom is noted . 

13- 2. Having identified a trouble symptom, you 
then should try to analyze the equipment and isolate 
the t'auft to a particular unit or circuiL An analysis, 
however, seldom determi!^ a specific component 
withiit the tmit as being open- or short-circuited. 
Your experiences have sJk?wn the meaning open 
circuit and short circuit. An open circuit has no 
current because the circuit opposition is infinite. A 
shorted circuit has less than normaLresUtance and 
an incfeasod current If you need further review, 
th^ definitions are incliKled in the gl<»sary. You 
ipiiy sec/an intermittent (disappearing) open or 

^^shon. X^\s type of 'trouble is caused by a loose 
connettibn or, a tetnporary moisture condition. 
Visual inspection may be ^ ti^ only method for 
finding the defect Permanent troubles are generally 
found by analysis and testing, since they remain in 
the equipm^L 

13-^3, We will consido- sampte trouble symptoms 
and probabks troubles for the circuit <^ text figure 7. 
Tq tUustrate, lamp OSl is not UghtKi whet^ ymi look 
at the panel the power unit What fault could 
cause this lamp to be dark? Yes, an open woukl 
cause it because no current is to be found in such a 
circuit The open circuit in this aise. is at switch SI . 
When you op^te the switch, you short circuit the 
switch tcrminils; hence, the circuit has current and 
lamp DSl glows. This was Ik simple circuit effect to 



analyze. Most defects result in more complex 
analysis procedures. 

13-4. Atfume that you have leaned that the 
poum unit ts not (upoiiding adequAte vo^e; yet, 
liiben loc^king at die power unit panel, the lamp Is 
lighted Thinking about the circuit of figure 7, we 
know that the outpm wltage^ia largely provided by 
tlM operated tubes. Therefcne, tube siiisititution ^ a 
probable solutimi to your pn^ksn. 

13*5. Anodier symptom of thsubte for the circuit 
figure 7 if a bkiwn fuse/ThiS4fuse opem when tt» 
circuit has excess current We sfw in paragraph 13* 
2 that cwrent ii^reases when the circuit is short, 
circuitfid. Replacement of the fuse without knowing 
that the short circuit is rarrected is not a proper 
pro^dure because you could bum otu the second 
fuse. ThereftM^ you sbouki open switch SI and 
inspect tb« equipment Look for blackened 
a)mpc»eiua« kme wires that are toudi i n g neighbor 
wires or terminals, and devices that tave strong, 
strange odors. For exam^l^, a charred resistor R| 
couki result fvtm a shorted resistor Note, too, 
that tube substituticm may remove the cause for 
blown fuses since a siK>rted ttlbe filament also 
increases cturent The first increase w<Aiki be noted 
in' the secondary circuity but this secondary increase 
' also requires aft ino'easc in <;urrcnt in the primary. 
Thus, the fuse ^>ens to iiuiicate the circuit fault 

1 3-6. Noise is also a circuit trouble symptom, An 
^c^>en filter capacitor ami a shorted i:oil will cause 
noise because tt^ redi^ filtoHng for the power 
circiut Since capacitor input filters are highly 
charged at tlie instant ot "switch on,** they are often 
more troublelbme in electronic circuits than are 
coils, i ^ 

13-7. You woi^ld use test equipmfcnt to check the 
resistance of* the suspected components. However, 
you must isolate the parallel components to insure 
. that your test is accurate, To illustrate* look at figute 
26 and note the resistors. You should remember that 
the total resistance for a parallel circuit is less than 
the lowest resistance branch. Testing the two 
remaining connected resistors of this figure, you 




Ff^furt: 26 Samp^ pmnlici cinr^s with open brancii 
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wouM ftnd a rfsu&ace of 18.75 ohiu. Therefore, to 
dctcnniae that R, it 30 ohms, you mu$t imsconoect it 
iiom the axauL 

RcAwmbcr: Saf<^ slxuld ibwayt be a 
prioury cooikkrttioa whcd with electro 

drcuio. You cwa be tarawd by traasieat voiti^ei. 
The tnamifKturer iiutaUs devices for the high 
voltages in a speciHc manner to procea the 
equipment and the repainnaiL You need ooc think 
about his reuoa for this arrai^ienient, bm you must 
think about the piecauiiom to take when workinf 
with his equipment For instance, use a test lead and 
short-ciFcuit the input capsqtor Co insure that the 
high vottage is discharged. 

13-9. Summarizing, then, a systematic 



troubleshooier observes the troubie $ymptom(s). 
inspects the equipn^nt, analyzes the circuits. isoUtes 
die fiuiit to a pactKuiar unit, and iocalizss the 
trod^ by thiidOAg and teitiag. % ^aUowsng the 
cifoiit while using a systematic process of 
eiimina^M, you can usuaiiy locaiDe the fault In a 
minimum of time^ This promhire iUminatei the 
good drcuii parts in sequence. 

13-10. you are to fully imderstand a telephone 
system, it is necessary that you be familiar with its 
development and its operating principies.- 
Rememben the better you understand "hic 
fundamentals 'of dectridty, the easier it will be for 
you to complete the following volumes in this course. 
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T^tffiiwfw Fundanwntato 



TO ISSTAIX wad irointtin ti^boae equipment, 
you muit undemuid how telephonci and ttlepbooe 
systons opcnie. In die previous cfai{^, we 
difcta io d bute dectncal ftBwiamentili and cixtuia. 
la (hii chApttr we wUl expitin how these eleoncai 
funduneotftis are appliad in the tranmissaoa* of 
sound. 

1 By defiQitioa the word '^lelephony'* ref« go 
the tfc or opermtioa <tf an apparaa» for eiectriail 
trammisskxi of sounds bmveen wkidy sepaxmttd 
poias^ In opensio«, however, die sound of die 
speak'v's wkt is noc aoually ttammitced over k»ig 
distances, bus a sound simtlar to die voice of the 
speaker is generated at die distant pcnnt by means of 
electrical power. The sound of the speato's voice is 
transformed into electricai po^ at hii telephone, 
tninsmitted over wires to'any given point, where it is 
changed into sounds Uat resemble the voice of the 
speaker. 

3. Since the transmission voi« by telephone 
bqiins with sound and ends with sound, it is evidait 
that ym OS a teleph<»ie man, must ha^ an 
undmtanding of sound and its transmission. 
Furthermore, you must be (amiliar with the various 
systems and equipment that are used to transmit the 
sound in electrical form. To prpvtde you with thft 
informatioa, the material in this chapter is presented 
under the fbltowing sections and headhtgs: sound 
generation and transmission: sound-powered 
telephony; bcal-battery telephony, inducing bask 
circuits and compooenss; and common-batxery 
telephone principles. 

14.* SoMd G^MralkM and TraMiisrio« 

14- 1, Sound, as associated with teiephc^iy, may be 
described as being die semai^ of hearing. This 
sensation bi caused by stimulation of the nerves and 
audited centers of die brain. The ^ulation, of 
course, is caused by vibntions sound waves which 
are transmitted to the ear through a matniai 
medium, such as air or atmosphere^ The s^tsadon of 
sound is caused by physk^l vibraticm ooninii^ 
about us in the atmosphm. 'For exampte, when 
someone is speaking to you« die vibrations caused by 



his vocal cords are recognizfid far^ your eanaa sound. 
As anocb^ exampkt die waves established by the 
vibrating parts of a musical irtstrument (strings, 
iminriint boaid, etc} ace faeogidaad by your ears as 
the sound of nuisk* The tnedium bccv^en die source 
of vibraik)q|^ and your ears is the surrounding body 
of air. The air at atmoifriifrie pressure is suffidendy 
dense so be set in aoiioa by any vibcati^ body and 
to et^svey die vibnuiMis to die ddicate ind sensitive 
membranes in your estrsv To further explain the 
effects of sounds iet*s briefly consider iti goseraticm. 

14-1 SoMtf GeMradoa. You learned in die 
resident course that the motkm of air mokcuks set 
up by a vibrating body (vocal cords, musical 
instruments, etc*} pnxiuoes sound waves which trave^ 





ri|uv 21. AcaoB or lotad «a««. 



outward in «U directiocis froia the vibniiiix souice. 
The mftaner in wiiieh sound wavBi are produced cmn 
be uodentood by cantidenof a vitmuint strip of 
metal, such as the hacksaw blade iUusoated in figure 
27. While looking at thU tUustruioa, imagioe that 
the hacksaw blade is fastened to a table in the 
wcrticaJ poiitioa and that it' is at rest as shown at A 
in the illustration. Now, if die blade is aused to 
vibrate rapidly back and. forth, two events of 
opposite nataue wiii occur as the biode makes lU 
initiaJ trip to the tight These two events, as shown at 
B in the illustraiion^are: (1) thf biade iaaeases the 
pressure in the group oi air p«nicies oa its right, 
causing a bunching-up <rf the particles oo that side; 
and C2) the blade decreases the pressure in the group 
of air particles oo its lett, causing kxal rarefaction 
of the particles on that sMle. Thi^ rarefaction on one 
side and bunching up on the other occur at the same 
time and are caused by the singte modon of the 
blade to the right. 

14-3. While looking at B in figure 27, note that 
raoveiiicat of the blade to the rigla imparts ni(»ion to 
the particles on each side of the blade. , As you can 
&ee at C in the figure, by the time diat the biade has 
returned to the ^ter, there is 'a wave of presMre 
(bunched particles) moving outward on the right side 
and a wave of low pressure mbws% ^lutward on the 
left side. In refcrenqe to D, you can see that as the 
blade moves to the left, a wave of bunched particles 
is established tm the. left skk and a rarefaction of 
particles on the right side. As the black coiuinues to 
vibrate (sec E and F of fig. 27), the. waves move 
outward oa both sides pf the blade. These waves of ' 
both bunches and rarefied particles are the waves , 
that strike the sensitive nMmbtines of the ear, 
causing die sensation <^ sound. 

14-4. As the sound waves cootiiaied outward from 
their souroe, die ait particles that transmit the 
energy do tioc go along with them. tUther. tbey 
collide with their outside neighbor?, impart their 
energy, and return to a pcOnt dote to tteir original 
position. The outside neighbws itei react in a 
similar manner by relaying the energy to ihdr outer 



oeiglAon. aiid so 00 until the eaergy ifSir^issiptted 
It some distance from ^ sourae. Science coaiaiires' 
ttUi rtBia cf souiri in the taaoi^ 
foRMd ittvm mm wteik Stone iirikei tiie wm^ 
surface. The sioae causes a disiuffaance in the water 
and creates a series <rf waves. Similarly, a guivhot 
cnatft a disturbance is tte atmosphere. It also< 

creates wamdu'ough;;he{Kweas of rarefactioo and ' 
hunching of atmospheric pactieiei. These waves, as 
mendoosd befoce. are sento by our ears as sound. 
Tfm time required for 4he sound to reach us, 
however, shows how slowly sound travels in the air! 
Foe emnpie, the sound of a 4istam gtusboc or 
exploswo mav be hekrd several seconds after ihev 
' are observed. , 

* * 14-S. To fiirthp examine the characttristics of 
sound wavea, refer to figure 28. Tftiii tUustntion 
shows bocfa*the wave £ro«, whervflie air panicles 
are com^essed. and die rarefiiction, .where the 
particles, are relatively further apart t5ese sound 
waves may be shown graphkaUy in much the same 
manner as showing altenmiing currait with a sine 
wave. As a matter of fttt, .when a gtoup of sound 
waves are ^df kienticai shape and amplitude, they 
may be represented by a pure sine wave. If the 
waveshape is regular in form, du sound we hear . 
may be a steady tone; if the shape is irrq^ular, wc • 
may only hear a noise. As an example df graphic 
representation, look at figure 29, where the sound 
wave is pkmed as a line, and the conditions 
(points of bunching) are shown by wave peaks. The 
di^erence in waveform for each sound allows us to 
distinguish one sound from ^ai»cher. For instance, a 
aming f<»k, vibtaung stowly, estabUshes a tone of - 
low pitch, whtfeas a rapidly vibratiqg fork (causing 
the waves to be closer n^etha) establishes a tone c^; 
high pitch. In addition to this, we may see something 
vibrate without hei ring aiiy sound, barausc the 
human ear does not distinguish many sounds below 
16 to vibrations per second. Furthernwre, the car 
parts do not allow 'us to hear sounds where the 
numbe- trf vibrations, is much grratcr than 20.000 
per second. 





MUSICAL NOTE 




NOISE 



Ht-017 

Figure 29. Soimd w»m of mmtc and noae. 
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Figure 3<I Cooccpc <A jcnun(»h«nc appearance of iovaid, 

14-6. Sound characteristics provided the cliic tor 
the development oi the modem telephone. Because 
Alexander Graham Bell understood both the 
function of the human ear and characteristics of 
sound waves. ' he visualized an instrtmient which 
could be operated by the sound of the human oicc. 
His icnowtedge of electricity indicated that electrical 
waves were similar to sound wajTW. and he thought 
he could shape an d«trkal waveform to match that 
of the £ound wave and thus transn^it sound 
dcctncally. ^ 

14-1 Sowd TrtMMiMioiL Before we disculf the 
transmission of sound by electrical means, let's 
considet an importsint difference bctwosn- the 

^traramissiOT of sound and the cransmissicHi \)f 

C electrical waves. The transmissicKj of sound always 
requires a mcdiunu The transmission irf light ard 
eleiitriaty tloes ikh. Thus, sound cannot vt 
transmitted in a vacuum, but light and' eiectrk^ity 

^ . oan. In the direct trammission of sound, the medium 
is usually the air intervening between the s^ce and 
the listraer: imt other mediums, etd^er solid or 
Uquki cah transmit sound ?ot instande, a boy lays 

• his ear agaimt a railroad traci^ to detect an 
oncoming train that is too ^ away for its sound to 
reach him through air. Also, the Amerkan Indian is 
reputed to have bein able to d«ect faraway footsteps 
by pressing his ear to the ^ound. In both of these 
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casd. Uae denser nwdiura earned a given amount of 
sound fani^ tt^ the sound oraveicd in air. This 

'shipt. SMsUi^ Usteniag devices to iheluai 

of a ship pick up the sound df propetier vibrationi 
carried by die sea from oicher ships to the vicinity, 
particuiaily from submahnes. 

14-8. Now, ieCs discuss dhe oransmiuion of sound 
as accomplished by electrical means. As a resuU of 
Beira work, the telephone became an instrument for 
converting waves of scmnd into wsvm of electrkity. 
and waves ct electricity into waves of sound. Aa 
^ted previously, souQd'is a vitolting disturbance 
among the motocules a substance. For eaampie. 
the sound of **oo" in '*{oase" produces a disturbance 
in the air similar to that immraied in figwe 30Ai 
Note diat the succ^ve comiensations and 
rare&ctioia match the waveform shown in flsure 
103. y 

14-9. By present standards, Alexander Graham 
Bell's telephone was a receiver that consisted of a 
thin reed of magnedc mattriai attached to a small 
dnuntead. Mounted above this reed was a coil of 
wire wrapped arbund a soft iron core. Figure 31 
shows both the Bell telephone and an early bar 
magnet receiver. Note that with either of th«« 
instruments, a coil located within the field ot V 
permanent magiwt 'has leads or terminate for 
coqivction to a line drcuiL Both tiu: telephone and 
r^ver have a diaphragm that can be moved by 
sound waves, and each diaphragm is arranged so 





Fi|ur« 31. Early sekptujoe and receivtr. 
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that ia- mamamL will affect tbt field of tiie 
pcnwuwtt amgpm. With $Mel) aa anaqgarociu. uy 
movmcm of tba diaplwigm by somd ciums 
the QUimdc 5eid to iaduoe a votage ia ibe coil. 
This voitage a of tiie laaae wmvtfbrm » tfac souod 
waves that csuitti it Also, if the csiis of these two 
units are cooiecied together by a line dicuit, the 
vQltage toduoed ia ooe oiii by sound wives wiU 
caiise the diaphragm ia the other aait to vibrate. The 
vibration of the diaphragm m this laser uoit 
produws sound waves tint closely resemble those 
striking the diaphragm at the fim umc Thus, sound 
is t ransmi tted from ooe place to anotho' in the fom 
of elccchcai energy. 

14-10. To further clarify the trtnsmiuicxi of 
sound by teiepbooy, kxsk at figure 32. In this 
iilustraiioa, the man on the ^ is ^prakinf into the 
transmits of a telephone. The sound waves leaving 
his mouth strike the diaphragm in the transmitter, 
causing it to vibrate. The vibiatkM of the diaphragm 
induces dectrieai waves in die transmissioo line. As 
ihe decthcal waves enter the receiver, they vary the 
' of the magnetic field, causing the 
jm in the receiver to vibraie at the same rate 
I diaphragm is the tranunitxer. Thia. the words 
spoken into die transmitter are reproduced by the 
receiver diaphragm as souod waves. 

14- U. The fundamental priiMdple of telephony 
may be^ summarized by the otpianatioa diat the 
sound teavea of speech are firtt converted into 
electrical waves by die teiephooe transmitter; 
secondly, they are transmitted over die wires in 
electrical form; and UiinUy. the receiver conversi die 
dectrieai waves back into sound waves which, again, 
correspond in waveform and frequency to the 
(xvOoMl waves. The lisamn, in his receiver, dius 
hears words corresponding to dioK spoken into d» 
dimitf tranamirter. Various types cf telephone 
systems are in use, but diis uado^ying principle is 
cofflffloo to them aHYo explain the varkats types of 
tdephooe systems, we wiU next consider sound- 
powered tei^hony. 

IS. S o— d Pow i d Tci«fka«y 

15- !. From the standpoint of how they are 



powered, die tele p h on e components and systems 
used ia die Air Focce are of two geaeral categories: 
sound-powered and battery-powered. As die osmes 
imply, the souad^^iowered OMipoottits develop di^ 
power from sound, while die t»tiery-powered 
oompooi&tt use batteries. The laigest percentage of 
all teiephooe systeau and compoocnis, used eith^ 
comme^daUy or by die Air Force, are of die battery- 
powered varie^. The sound-powcrad components 
.are normally found at special insialladcHis. such as 
missile sites apd mo^ «ippcxt bases. Since sound- 
powefed components are i&ed to some cxveau 
however, you shoukl be ^miliar with dieir operating 
principles. To explain these principles, let's suit 
with the sound-powered transmitter. 

lS-2. Soaad-Powered Traasaiiictr. The 
transmitter on a tdephooe set U die pan into which 
you speak when engaged in a telephone 
conversatioa Sin^ the sound-powered transmitter is 
s<»iaimes used with awiio amplifiers, radio 
transmitGers, etc., it i$ also referred to as a dynamic 
mi^ophooe. However. f<x our purpose in telephone 
work, we will refer to die sound-powered unit as a 
transmitter. 
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FiiuTE 33. SomA-fowtr tnamuatr coMCnKOoo. 
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iS-3. Ftgun 33 U a simplified disgfim of a 
sound-powered nmmiaer. At ' ibawn in this 
iUustntioo. the trmmmiocr hu a permanent -magoet 
with double-pote pieces. These m^netic pole-pieces 
are shown with the ietten N-N and*S-S represeming 
the north and south potts respoetively.' Nocke that a 
soft-iron armature with a coil' labeled "C is 
mourned at a point halfway between the pole pieces. 
This annature is mourned on a pwot at point P, and 
(xie of its ends is connected vo a dta{riini|m \fy rod 
R. This penniti, motion of the diaphragm to be 
tramferred to the armature. As the diajMiragm is 
moved downward by sound waves, the artnamre' 
routes sUghily counterclockwise; and, as the 
diaphi«gm movai upward, the axmanire rotates 
slightly dodewiic. Thus, a voUa^ is induced in 
winding C diat is limilar in waveform to the sound 
wa\^es uriking the diaphragm. 

1^4. To study the operation of a iound>powered 
transmitter, refer to figure 34. Assume that the 
transmitter diaphragm is 'moving up and down at a 
rate corre^loa(&ng to the sound wave of a Meady 
tone. The armatuxe follows the diaphragm 
movement {as shown in fig. 34). and the strength cf 
die magnetic fiekl varies in' {mportksa to each 
movement. When the armature moves sway from the 
cemer, tfa^ nrmgtfa of die magnet field within the 
armature increases (fSg. 343); cooseqiwaay, when 
positkm B is reached, the strength of the fieki is at a 
maximum. Then as die annature returns to positiiMr 



thMTcikaily. no ttagnetie Unit of fm tfuouih the 
axmaiurt at tfaii ioatuar poikibii. Next, tha annature 

tte poM^ ite paraiiBiK'aM^ 
this nHgiMik} strength, shown, in patt O of tlgurt 34» 
is in the opposkt dtractioa w tim shown ih pan B. 
The Ncum movement of the dUptoagm oompksfls 
the qfda, as ibown at E in ,^urc 34. ^ 

15-5. You can sat that the magnetic Said of force 
dia annaiuia of a soun d ' po Hiv afed t ram i nitter 
:nei in sscngth with Ab diaplaragm movcmenL 
a sbutod «««e mo«at die diaphragm, the 
strength of the magnetic field duugoi widi the shape 
of the sound wave. Then, of count, the shape cf die 
voltage induced in the transmitter drcoU maidMs 
the sbkpe of the sound wavt strikiai the diaphragm. 

IS-^ The fifflc^ of the modfra a(auid*(Kiw«red 
telephone Is coopaial^ to that of BtU*i origiaal 
telephone; that if, voltage is tnduoed in die souhd- 
powered transmitter coil because die ooU a tocamd 
in a dianging magnttic field. This type of 
transmitter maf be used in aMdem telephony when it 
is desirable to a oompooent diudocs not require 
^ the ^ifdicadott of baitety voltage. T&is is qwte often 
die case widi some ef die headsets used at missile 
ini Mit la t io m . For eiample, v^ienever a headset uses 
a transistor ampUflsr in its cord circuit, you will 
visually Snd diat die headsa trammitier is of the 
sound-powered type. 
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15-7. Smmd Poiiuii Rmiw. In $micaire» tt» 
sound'powcred raceiva' U very -Mmiiar Bi^thc 
trmnumocr dochbed in tbe praadiug ptn(fa|iitt. 
The prindpk ufNxi which thct ^qund-powered 
receiver opcrues. however, is sUgltfty differenc fttm 
that of the Qranunitttr.' When the utut is oa the 
receivii^ end and receives (he ^electrical waves 
produced by a sotad-powerod traouutter. the^ 
armature thra ofjeraies the. diaphraini to reproduce 
the sound waves. . ' ^ 

15-8. Fifure 35 illustrates tbe operation d^a 
sound-powered receiver. In pan A of the figure. ncHe 
that the telephone line circuit is connected tQ the 
armature coiL In a simple, sound-powered uiephone 
system, ^ odier end of this line dfcuit would be 
connected to the armature coil in the transmittbr. To 
fallow the operation of the receiver tkmng the 
application of J cycle of altemadi^ atrrent, let's 
assume that the witag»>^ im&icad by the sowki- 
powered transmitter (in fig. 34) is apphed to the 
armature coil of the receiver st;t(^ inTigure 35. 
When there is no voltage beiiiig induced by the 
transmitter, the receiver armature is at rest as shown 
at .A in figure 35. When a voltage is induced as 
shown at B in both illustrauont, current flows m the 
armature coil of the receiver, and magnetizes the 
amumre core as indicated by tbe small let«r n and 
s. This causes die receiver amiature 19 be attracted 
to the position shown at B in figure '35. When tbe 
current falls to sao, as shown at C in die illustration, 
the receiver armature returns to die censer position; 
and when current flows in die opposke dii«ctic»!, the 
receiver armanue is attracted to die pciitiaix. as. 
shown at O ia d» iltustratkxi. FmaUy, as ^ current 
falls to zero as shown at E in figure 34. die receiver 
armature returns to the center (at rest) poakkyL 

15-9. To summartxe die opcratioii of die sound- 
po*<red transmitter and receiver; let's think of die 
units u being connected together, as shown in figure 
31 When sound vwves strike die diaphn^m of die 
transmitter, a voltage is induced in the- transmitter 



armature. This voltage causes current to fbw in die 
ooil of die received armature, causing tbe receiver 
dkphragm to repnduc^ die sound waves. Thus, 
sound is transmitud fma one point to another by 
sound-powered telephony. 

15-10. S i wd Puw s nd tdepkoM. Figure 36 is a 
schemata for a soueki-powered telephone. For this 
telephone to be operational, it must be connected to 
anodier telephone duough lines LI and L2. If you 
will nodce in tbe illustration, die unit is equipped 
widi a hand genefat(» (HG) diat is used to ring or 
signal die odier telephone. Also. it=a equipped widi 
a buzzer and visual indicator diat functioo when this 
unit is ^gnakd horn dx odier stadon. Furthermore, 
diis teiqihooe is equipped with a generaoir switch, 
located just above HG in the illustration, and a 
PRESS-TaTALK switch, labeled 'SI." To study 
dte operating principles of dus telefvhone. let's trace 
some of its circuits used during operadcm. 

15-11. Voice transmission. When PRESS-TO- 
TAJLK switch SI is pressed, it oomxcts line L2 to 
the talk contact of ^ dw svritch to close die 
transmitting circuit When ymi speak into ihe 
transmitter, die voice sound waves cause the 
diaphragm in transmitter element MKl to vibrate. 
This actuates ttie transmitter armature, dvereby 
generating an altertuting current of die same 
fr«]uency as that of die speaka's voKe. 

15-12. The transmitter current passes through 
PRESTO-TALK switch SI and dien divides; part 
of the current goei to line terminal L2. while Oie 
remainder goes to resi^ k,. SUm of the curvnt 
pasles to die line, duough die distam teiepi^ine, bid 
back to line terminal LI. It dien passes ditough die 
mxinaUy clos^ cdittacts of die generator switch and 
bac^ to die oansmittef clement 

15-13. A small amount a( trammitter alternating 
current, as limited by resistor R„ passes dirough die 
resistor, receiver demem REI. ami capacitor Cl: 
and "goes back to die transmitter element The 
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Ftf m 37. Buojir KMp rtcss^. 

puipoie of reiiitor R, is to tUow a imaU amouni of 
cniiiimacr amtxa to ptu cbrauih the rowtver 
eitMciu dunng wMoe' trannntttkuL This^ crates i 
small amouol of sidetoae so that the M^bow will 
not sound dead during wke trinimiuioct In other 
%ractls, it allows the user to h&r his txtm vokx in t& 
receiver. 

15-14. yoice recqjium. The imnEiUfi^ voice 
signal* tracii^ from LI, pasMS ^thfougnthe nortnaUy 
closed domacts of the geoentor switch, cafsacitor 
CI, and receiver element REL It then passes 
tWHigh the normally dosed coimictt of switch (U 
sJiown in f^. 36) and foes back to dse line through 
termiaai L2. ^ /. 

!5-lS. As the incoming fignal passes dirough die 
receiver, it causes die diaphngm to vibrate, 
reproduciqg thr voioe sound of die dtaat ^arty. The 
inoxmog voic# curreiit is {mve^ied frctt pasaiag 
dirougfa die bumr and visual im^cator circuit by the 
reactii<!ice of die windinp on dSir busier ickl ymml 
indicator which offers high impodanoe to voi^ 
frequencies. 

Sitf^aUng. When the generates switch is 
opersMl it oonnects LI to L2 through hand 
generaioc HG. Wben^die fwiich is in this ppsitioo, 
operaiioo of die hand geoeraior sppiks a 20<ps 
altcnating currm across Unes^ Ll^and L2. This 
activasis die signaling devices in die distam^ 
(elephooe. 

15- 17. An inaMniog 20-cps signal from dto 
dbfam ^ephoae passei from tarminai Li dinaugh 



the gfoeratof swkdh i§M shown In f!gl 36% buBer 
OSK and visual tndkamr DSl Fron bSZ, die 
firndt is comfidnad back to tlia laMralor in the 

Vk r Hi Wmmj Tilipiiiir , 

Tht Mrly ^ommtrcUl tfUpitoae, 
inrtniiiwntt wm, in rM% , rae^Mis, tuA m ibown 
in ftftm 37. Time imtmacat met csUod- Auffir 
stamp rtetimt btaxm tlitjr rMiablid tbt buittr 
uampt uMd it dm time, ««f^ of th* to^nd- 
po w w i f w i wtriscjr, ooaiainiai a pcrmaatac oufotf, « 
oMl of win, aad a iImk iraa diftphngBL Ai diat^ 
cunt, mo Miefa raetivari. conMCMd at ibown in. 
figAi* 3S* madt up d» vriioie triiphone t)Mm.' 
Tbm rictivm could {{btopmii btjfiicMt a diitaoee 
of a^ijpr^^^i^ai^^ely ^ 2 tistleay haooe^ ^■'^bey ^BRsre 
crasidaraUy teas sffidant dtan tha motitra sound^ 
po a wod sets. ^ - ^ 

'16^Z The circuit used wUh dis eariy buttir stamp 1 
receivers fusther handicappod effic^ use. Tliis 
circuit, u shown in fligim 31, wu a siiiite wif«, wi^ 
grounds provided at cud insmiinent. The ground 
re&iro was not vtiy satis£saory, aspaciaily when the 
ground was (ky, AIk^ diare was no jprovisaoo for 
signaling die called paity. CoiMsnbed dfdm were 
nuuie to oii^poasa^thase dffficutties« mttil eventually 
lacai bas€ry sj«sema and a better trsnsAjher were 
devised This nssr unit, calkd die Jo/icf^adfc 
irtmsmUu^, did not g^ierate its own qurau. Inoaad, 
it varied die intensity^ of a battery tenant^to^masch. 
the shape of die speech sounds. Widi ditss)«ienu a 
battery was requi^ ip^fUy with ea^i t^ephone; 
benoe* It was named dwT IqcsI battery syiteat To 
explain die operation of this type of transmitter we 
will now briefty discusa sound and electrical 
wawfonns. 

16-3* WavefonM. Some of d&e waveforms 
ditcuMjftd previously are siiown again in Figure 39. 
They are shown 'ifi this iHusaiipg* however, for 
r^mparative purpoies* [rrituifyidg ^fteae wavesbspest 
^noie dm pan A^ of fhe ltUistrati^m' shows die sine 
wave of alternating current and dk; unipolar wave of 
direct current, which in ttus fonp is cailed constam 
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value (jc. doatmi dc, or pure dc. The waves shown 
in figure 39. B »re tfac squad wave of the "55" sound 
and the wave of the deetric euneot from a 
wtmdpowerod tnununittcr when it is operated by the 
sound, [nnguie 39. C ^ ini^ular sound wave of a 
noise is shown in comp^nsoa with the transfnioer 
current rauiiii^ from that amwt. 

i6-4. If the noise wave in figure ,39 %iiere 
combined with the constant dc wave, die nsuk 
would be like that shown in figure 40. This reiuiting. 
wave changes in value just as the noise wave did; 
however, since it is all in one direction, it is sill « dc 
wave. It is called a variatUe de mve; sod like the 
rtoise wave shown in figure 39, it changes in value at 
irregular intcrvsis and ttts no uniforraity. 

!6-5, Wiveshapes can be 'changed in several 
ways. If reitstaace is added to t circuit, less current 
will flow; if resistance is rereowed. more current wilt 
flow. AfiuMgh the same circuit is shown in ail three 
diagrams of figure 41, the variable resistor permits 
different amounts of cirotit resistance; thus, the 
current value drops from A to B and risa from B to ' 
C 

16-6. The pnodple of controilihg cupent bv 
changing reststanoe is used in modem trmnsfflioers. 
Blake applied it InUe mnsmitter only a jcar after 

dm commercial telgjhoov was hoiU. He 
■reasoned that a traiMiter should vssy the strength 
of us existing current to match the sound waves that 
strike its d ia phr a gm. To do thk. a trammte was 
designed in whkh the pressure on a ,cotuainer of 
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carbon «fiimUii wu; chai««d*-|Qr muKl.wam 
striMlQg a diaphragnt Thut. tbt rqi^aacf thnugh - 
the OMitliMr of orteo gnauki was md»d by the 
souad wi>ei \ 

16*7. to ^tem fMi^ ^ 4a Wvefo^ 
produpid by tbt cacboa mma^m, «o«tptr« figure 
41 (A, B, and Q with figure 39..Tht Bait (souad' 
pumd). tnouniHir ftaniMd its, own entreat: 
*Brefti«, tbt curfBOf w««i fram (hit tnosiuiieff 
lUraiad from positivi to oagiiiM. Ob the odier 
hMd; the Blake ((wbon) traiWBkiir^ inenued or . 
dficri^ued resisdUica to vacy curteot supplied by a' 
tieaary. Cbipiettuia^. the niutear^wave was 
vaxiabie dc at shown ia fSgurai 40 and 4| . WhiU'tlie 
wave praduoid^ the csHkm tnoMate is variable 
dci4t is atiU of sMW shipe it tbe souad wawa 
striking t)ie diapteigm. Tbut, is can be used 

cftethMy ia the tmaliikM of leuiid. At a imttts^ 
of .fact, die m^ioriiy of teiaphoae muaoktant usdO 
today ire of tbe Gftiboe type, indt^ produce a 
v«rial^ dc wave sudi at iUuetiaietl in figure 40. 

l^Mt DevalapaMai of t.nmm t t i j T^ttfkottt 
Circuits. \irid^ die development of' the., catboi^ 
tramaiitSBr) the ttlephooe battory wu qnginally 
plkeod OQ iie ^^booe instrument, as shoucn in , 
figure 42. Note dm each unit in dais transniitter- <s 
reiceiwr circuit is tabded sod inlcikated t^. its 
«andfid symbc^ This ^xal'b^tsery circuit was the ' 
granddiddy of the modern tel^hooe; By connecting 
dus ttkphooe duough a sii«ii Use p another 
kientfaai unit, Gonwmadon could bis quried .>n from 
one point e anodKr. Thu circuitry, however, did ^ 
leave much to be desired. ^ * . 

16-9. One of tl^ firlt imfmwemeais made to the 
local-battety iystcm was to iwwase the effecuveness 
of die telephone over greater distances. When the set 
consisted of a receiver, baj^. and traiisniittcr 
connected in series, there were a raimber of losses in 
the circuiL Also, the resistance changes -caused by 
variatioia in transjfnitter resistance mac »o sraaU, ^ 
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comparied wim \ht uxal line rcs^oincc; that Utile 
receiver hoicxfoo reiuiEed The snsiil currem ^ingc 
did TM pft)Uuce eoough difTerence m tbe magnetic 
field strength tor the receiver to produce appreciable 
souncii. ^ / 

l(HlO. indiKtum coil. ThocMa Ediscci helped .W 
correct, die poor rtcepdpa a3nditi(»t He^did dm by 
installing an inducupn coil in the ceiqihoM so thai 
the ordinal (pnmary) trammicter curreni wouki flow 
oniy a short diatfan» (see tig* 43). Tlm^ a chaise in 
, traitamitier resistance couid ooiie a reladvely large 
change in the restftance of the priin^ caroiiL This 
^basic arrsinfement allowed \^vu^ ctirrent to 
r through the dranspiicser, the prunary winding of the 
inducuon coiL and back to the battery, as shown also 
in figure 43.^^ You can see tbi^i a change in the 
transmitter resistance couid cauie a large cturtnt 
change in the^ pnmary circuit ^Then, mxt the 
transmitter operating, a rplauveiy large voitage was 



; ; 'iAduced in the secomlaiy winding pt' the inducticm 
ccyS, and a greacer difference in line cunent was 

[ ^vailthte to produce receiver acsloa 

V; 16^1 h The coil shown in figtire 43 is basically k 
t^anst'ormer. Theref<He« die volttge induced in tte 
secoadt^ dicuit is determine by the coii design. 

^ That is, die (ypf ^.^re^ tvns rado; ctc^ ail hive a 
bearing on the asuxint of induced yoitage. This type 
<^ inductioa coil b.the very diii^ that gave die early 
telephone the noodtd pov^ foe transmitting at 
greater distinqes, NcA oniy^ was die induction coil 
used iQ^riy t^ephones« but it is sdll used today in 
most of our nuxkm teiephobes CX course^ it has had 

. many retuKmenis but it is still based on the same 
pris»ples^ as those ctf the_^early telephone. 
\ S6-12. ^Oiher refinements. Com|wrin^ the simple 
circuit of figure 42 with the drcuU oi tigure 44^ wc 
can see the addidonal iinits whic^ are cpnsida^ as 
refmipments to the arcmt Accordingly, a push-type 
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iwtidt a ringer, and a hand genenuor wo-e added to 
(be circuit These devices enabled a penon at dtber^ 
end to sigqU «^gcber party. The openued switch 
disc onnec ts the trmnsmitter ftxm the line, Tfc"; ringer, 
hand genensor, and recover are all oomiected to the 
line in this schetnanc. Th^^mnectkm provides that 
the operatioo of «lhcr l^nd genmior will sound the 
angers on the secdndiEiephooe. We will discuss this 
circua m more desait later* 

16-13. AUhoufh the relative dfidency of the 
early hnger and ges^ratcH- is unknown, we can 
assume thai'their operadon was similar to that of 
modern local banoy generators and ringers. In 
modem telephony, the ringer is a part of almost 
every telephone. With any local hanery system that 
may still be in use« the hand generator is toed wiUr 
each te.ephooe. Of cixuie, with modem systems 
, other than local ^attery, the ringing (wrou is 
^ gcfierated ai the^ omtral office, and there is m need 
for a hand geosrasor in* cv^ idephone* Since you 
studied anci worked with thoe components at the 
resident course, there is no need for use to describe 
theur o^mnrxicuoo nor illustrate them tiow. Let us 
now review the signaling circuit lim>fy again. 

16-14. Si^Mii^ Ciro^U Figure 44 illustrates the 
Signaling drcujt of two local baoery telephones. In 
ihyBr illustratsoo, the .hand getM^toi* switch*' of 
ichrphooc 6 is shown in its normal position and the 
hand generator switch of teiephode A js shown in the 
position tt assumes while tte geimaior is operatii^. 
To call telephone B. a person ax telephone A first 
turns the cnnfc of the hand general. This cloaes the 
haj9d generator switch (as shown for telephone A irT 
the lUioinuuxi) and putt the hand generator across 
the telephcMie line;, the hand generator then sends a 
20-cycle rti^^ current to the ringer at through^ 
the OMinect;^ circuit provided by t^e line and the 
hand' generator switch of ttlepbooe B. When die 
person stope turning the hand generator at telephone 

the switch ^associated wiifa this gemratt^ returns 
to its ni»mal position, disconnecting the generator 
froin thj^ line and reconnecting the ringer. With bc^ 
goieta^or- switches in their nonnaj positid6« the 
syst^ would then be. in position for commumcatio^ 
hmram^the two lelephonea. FurthomcMre^ when the 



generator switch at telephone A is returned to its 
norm^ position, li^ ringer of ^tephone A is 
- recimnected to the linei to placeut in a position where 
it can receive ringing current from the generator of 
telephone B, 

16*15. With the addition of a hookswitch in each 
ttiephcme, the circuit shown in tlgtire 44 could be 
coiukiered as a complete local battery system. Of 
course* it lacks many the mockrn telephone 
r^inement^ but it <^)es provide for receiving, 
transmitting, and signaiix^* which are the basic 
requirements fc^ telq)hony. The hookswitch« as 
mentioned previously, disconnects xbe transmitting 
and receiving components from the line when the 
receiver is placed on its hook. 

16*16. Befcm we leave figure 44, note that each 
telephone ^ powered by a battery that is connected 
in so'ies with the transmitter and the primar/ 
winding of the induction coil. Also, we noted the 
push*u>-uik switch tcx^ted in each pnmary circuit 
i\M below the transmitter. This switch saves battefy 
current because it opens the pnmary circuit during 
the time that sound is being received 

16-17. While there are only two telephones shovm 
in figure 44, it is possible to connect several to a 
telephone line in a local battery system. Of course. 
when sever^ telefrhones connected to the same 
pair of telephone lines, a coded ringing .system must 
be used. This is n^^essary became the operation of 
any one the mbd generators on the line will 
operate the ringm on all of the telephones. For this 
r^ason^ tt wtxdd be necesiary to assign a coded ring 
to each telephope on the line. Since this type of 
opcraticm is not very satisfactory, a swtichboard is 
normally provided at. sofie central pcnnt to swttch 
the caila through teethe desired telephoi^. Before we 
consider the switchboard, however, we need to 
discuss another factor about the circuitry of figure 
14 - t he problem of sidetone. 

1 6- 18. ^deioM* Ai mentioned bet\^, sidetone is 
the effect of hearing your own voice in the telephom? 
receiver as you talJc into the transmitter. ' The 
sidetone in a circuit stnrh as that shown in f^^urc 44 
wduM be rather loud, because both telephone 
receivers are comiected in a series circuit along svtth 
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!be yecookry windings ot boUi toductioQ coiii and 
ite ccmse^ing selcpimit line. The wke current 
produced 10 this scries csicuil by s penm s{)c«lafif 
into ttK enu»mi«er oC eitter fedephoM ptiM 
chroi^h bodi iweivcrs ai^ U reproduced is a sound 
\Mve.af sfMedi in etcii ow; TliReroitt the persoos 
usmg the«e tetephonn iraiild he»r ^leir own vok:es 
reproduced in iheir own receivert. 

16*19. In the celepbooe system stiown in figure 
44, the voice cutxeot in tte ttteplione sei of cl» 
speaker is greater than the voice current in tte sec <tf 
the listener, because the reaistawe of , the tel^hooe 
liiHs opposea the vvHce currents, reducing tteir value 
before they reach the re^iviag end of the circuiL In 
addicioo. the voice cuireat in the secmidary winding 
is increased by the transfonncr action of the 
inducsidn ooiL This increased wice current passing 
through the reaver of the speaker, further increases 
its output of sk ktoftt 

16-2(1 The sidetdoe in a tdq»hofie shoukl be at a 
levei Hiat prooKM normal oxncrsation. That if« 
you shoukl hear jour amt voice in the uslephcxse 
receiver with about the same volume as you bea^ it 
when having s normal convmatkm with someone. If 
the sidetone is oompletdy eliminated from a 
telephone, the user then tends to shout jioi tte same 
as a person who is hard of hearing. When the 
sidetone is too lod^ in a teieptene set, it is 
undesirable for several reasons. Fir^ tte speaker 
will bwer his voice when te hears it kxidly in his 
own receiver. This reduction of sound input to the 
transmitter reduces tte voice current output/ which 
in mm redu^ tte current in tte receiver c^' the 
distant telephone set. Second, whoi tte skietone is 
loo loud, it tends to lessen :he seuitiveness of tte ear 
of tte speaker to tte more feeble voice current fn^n 
tte distant telephone set. Third, when a telephone $e% 
has too much skietone, tte U)cal ropm noise is 
ptcked up by tte transmitter and h^rd by tte 
listener along with the voice of tte distant speaker.^ 
These noises, reproduced in tte local teleptenc 
recetwr, distract tte listener and reduce the 
intelligibility of tte words iieceived &X7m the disunt 
staaon- This effect is parncularty objcctionabic when 
the telephone is used in loually noisy iocanons. It 
shoukl be apf»rent from tte previous explanahon 
that si^detone must be controlled in tte telq^hcMie seL 
It must not be completely eliminated because that 
wouki be just as bad as having too much sidetone. 
The arcuits used to reduce sideicm are called 
Vitisidcujne ciroiits. There are many and various 
types of antiikkrfone drotits used in modem 
telephony, and we n^ to know scmethmg about 
^..^■^r operating jmnciplca. 

16-21. 4fttisuiemn0 circuit prmdples. If we were 
lo compteldy eitmuiate sidetone from a telephone 

' set, tte use^ wouki not be abk to hear his vok:e in 
his own receiver. An ideal amiskietoius circuit wouki 

• be one in" wrhich tte sidi^one *^ completdy 



eliminated. In »^ prio^ an yieal ani is kktonc 
drcuit is not oteainable; axid if it v!«ne, it ^irauJd not 
te desirable* as we explained prevUktsiy* ^ 

16-22* From your previou uosim in Chapter 4, 
you should fw^gnize A in figure 45 as'teing a 
^iid^e CircuiL T^ four resiiftm* R2« R3« tod 
114, ate coiuiected to a hattety, and a galvanometer 
U connected between pcHnts A atid B, Tte battery 
current iti this drcuit is sappted resatorlnmncbes 
RI«R2 aod R3-R4. With current in tte drcuit, 
^jhm is a potential differes^ wstiM each resistor. 
When tte circuit is an ur^lanockl tmdge with a 
potential difference between points A a&i B, current 
will tlienfflow through tte galvancMtieter. Whra the 
drcuit is a balanced teuige with no potentiai 
diffierence between pcHnts A and.B, tte current will 
not fbw tteo(«h tte gaivancxneter. 

16*23* To condnue with our explanation of 
amiskkynne principles^ refer to view B in figure 45. 
In this brklge circuit* leitftors are replaced by 
impedances, tte tettery a replaced by an ac 
generator, and tte galvaskxrct^ is ^^Uiced by a 
telephooe recdver. This arrangement i^feac bridge 
drcuit, jvhich, when balanced, passes no current 
through tte receiver. When this drcuit is balanced, 
there is no potential difference between poina A and 
B; and, when it is unbalanced, there is a potential 
difference between pdnts A and B. Furthetmore, 
when this drcuit is unbalanced, current then flows in 
the receiver. This circuit is in balance when tte ratio 
of impedance Z1/Z2 is t^ml to tte ratio of 
impedance Z3/Z4. 

16-24. In view C of figure 45, the ac generator 
has beai replaced with a telephone transmitter; and 
impedance Z4 has been replaced with the telephone 
line and a disiam telephone set. Now, if we aswrae 
that tte impedance ratio of Z1/Z2 is equal to the 
impedance ran-^ Z3 over the impedance of the 
line and telcpiioi^ «2t, there wouU be no potential 
^ difference between points A and B whtn a steady 
pitch is applied to tte telephone transmitter, 
C(^iseqi^tiy, the sound applied to tte transmitter 
wouW no; appear in the receiver, but it would 
appear in tte distant telephone set. Furthermore, any 
electncai waves generated by the transmitter of the 
distam telephooe set are applied to tennuals LI and 
L2 of this drcuit Therefore, they pass through che 
receiver and impedance Z2, actuating tte receiver 
diaphragm. , 

16-25. By looking at views D, £♦ and F of figure 
45, you can liec how the balaiKcd bridge principle 
applies when transformers or inductiM coils are 
used With any of these drcuits, die induced voltage 
caused by sound enterii^ tte tnmsmitter is applied 
to dje upper and bwcr tenninajs oi a bridge drcuit. 
Assuming ttet diesc brWge drcuitt ate balanced, the 
sound does not appear in tte receiver, but it does 
pass through tte receiver of tte distant telephone. 
Aisa. as mffltioncd previously, an incoming signal 
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' from the distant tdqjhonc passa through the 
receiver because it j* applied to i-rrainaU LI and L2 
rather than acrou the bridge circuit- To carry this 
expianttioa a little funher, let's consider the 
operation of a local battery telephone circuit 

16-26. AntisUitwne circuit opermion. The circuit 
illiHtraied-.in figure 46 represeati' a local^tiery 
telephone with an autocrmnfoniMr type itiAiction 
coiL This same drcuii is repreKsttd, by view in 
figure ^5. la both illuitrmtiofM, note tfait the priraary 
^viodiog of the induction coil is located between 
toTninais 2 and 3— ^ seu^idaiy includes ail three 
windings fitsm tenninai 1 to. terminal 4. When 
• current is on the increase in the pnmaxy dicuit, as 
shown by the arrow in figure 46, a %olmge is induced 
in the secondary f^twi terminals I to 4. At the imtant 
when temmal l of the seeoodaiy is negstiw and 
tenaiaal 4 is pos^. dectoos move from terminal 
I. throt^ tbe line circuit, the distam telephone, and 
back tfamifh the other side of die line circuit to 
cap«ator CZ if you wiU noikc. positive is applied 
to the other side of capacitor C2 from terminal 4. 



Thus, current flows from tlK secbndary winding 
through die receiver <rf the distam telephone. It docs 
twt flow through die ripceiver from terminal X to 
terminal 3, however, l^bcause both of these terminals 
are of eqtml but opposite potential at the same time. 
Furtheniwce, dasiag an aitcrnati<» in the opposite 
direction, bodj of these poientiab also cancel. Thus, 
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the anusidctoiie.drcuii holds skktooc a minunum 
during cnrnxxusskm 

We tMnooned c»rUer that there ihouki be 

the telephone. If the antiskktcsoe circuits j\m 
described >wre perfectly btlfnced f<x a given 
frequesKy. they «miki {Kt)bmb^ eimunate mott <^ 
the lidietooe ai thit one frequency. For frequencies 
other thu the cm when bsUnce is oboiiiied. tt^ 

^ circuii is pmniaUy ^tfihatancrri Therefore, when ±ic% 
various frequmdes of the audio spectrum are 
applied to the telephone arcuitry, socm sidetom is . 
heard in the rweiver. The co^lpoo$^tS'of the modem 
telephone are des^ned and constructed in sudi a 

^ manner as to prqduce the proper jamoum 
antisideioae. This is assuming, howewr, that d^;* 
tciephooe system and circuitry is maintained in 
proper order. 

16-28. Locai^Battary Systta, Vou have inmed 
that with 4ocai-batttfy telephony, where each 
telephone is powered by its own batteries, a simple 
telephone system may a>nsist of two or more 
telephone sets connected to ii telephone tine. The 
tciq^hone line, of course, would rK}rmaUy be two 
wires: 'referred to as a pair. To have practical 

* communications between several telephones, 
however, requires ihat a telephone liM from ach 
telephone be connected to a central switching 4>oiht 
At this central point, the call from an individual 
telephone can be switched through to any (Kie of tl»: 
other telephones in the system* With most of our 
modem telephone systems, the c^Us are switched 
through automaticaUy by the cenn^l ofTv^ switching 
equipment Yet. some calls are switched through by 
an operator using a telephone switchboard To 
continue wtih our explanation of local-tottery 
telephony, let's briefly discuss ^ circuit of a small, 
portable type switchboard. 



16- 29. Using the in«bming line drcuit of figure 
47, we can see that an incot^^ »gnal to the 
swttchboari pas^ss pvcr LI and L2 and operates the 
£201 reiay. Thii/bpcnuad relay acniaaai a drop 
(repreaehted by A Z and labeled 7T0 Night Alartp 
Cirrait'*). Of course, fw this circuU to work you 
mutt pstsperty qonnecc ^ incoming line to terminals 
Li and LI Further,, you also have rcsppos&niicy for 
ti» telephone s^cm rquipmcnt We have said that 
the »thset for a local-b^ff^ system itfuirsl ^ 
battoy. You^/Sviil likewise mainain ^Mse subsets. 
SiiKX the jack (J201 ) and its parallei connectfld plug 
^ pan of the focal-tmttiarysswitchboard, you iftay 
also be inspectiitg them. You should oortnaily haw 
to pSerfortti very little maintenance <^iM» plug^^ck, 

CR20rdkxJc. .A 
|6-30. %ou koow iww tlttt tjdost of die tdephook 
sysWs in the Air Foro are oommombattery lype. 
Therefore, you tnay haw little oppoctumty to ca^ 
for the former local*fa^utery type. BcfoK we review ^ 
commcx}-batt^ principles, summarize a few 
points ^X9ut the locaf-battery syston. The term 
"^kxal** means that the sour^ ,of electrical e^gy 
for the trammittexa and for signaling are a part- df ^ 
the telephone lubset at each individual teleplx^ne .: 
station. A bcai batjory si^plies the cunpent for^^ 
transmitter ciraut,aiKi a hand generator or magneto 
supplies ihe current for signaling. The kKal-battery * 
telq)hs»^ subset is actually a sdf-powerdd .tinit tft , 
that it requires no powor from die central office for 
operation. Therefore, it can be used in conjunction 
with another loc^l-battery telrahone without bdn^ 
connected to a antral offlo: ' 

17. CcMBraoo-BiUfery Telephone Prtndples 

17- 1. The chief difference befween common- and 
local-battery teleptone sys^ns is in the way the 
clectncal energy is supplied for operation^ oif the 
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systfim. As esq^AiMd prwiourfy, emy tdepbooe in iMnsmioentai»c'&^ {ine cuneii« to vary aU the way 

a iQcal-baoay syitem openses oa i£i ^ from ^th€\^ cclcphoae to the central office. 

In a commoo^tx^ tdephone as^tem, p cctittra4y Furthermore, if tl^t^dephoQe scte afe connected 

Jocaied storage baild? or power jiupply i$-;uaed^m ihroogh thc^switchboaid, tbe sbund'wavs* entering 

place d the individuah^. cells required ^ cadu the transmitter either telcphow wiU he heatxl in 

tdcphooe statidn in a tocal-baij^ system. This the t^vcr of the other telephone set The circuitry 



central office) 
in a cQoimcm- 



^ central power source (located 
'serves all of the telepboiie stasi<^ 
battery sys»n 

n-Z Most of the telephii^ systems used in the 
United States are of tbe "comsnon-baitery type. 
Furthermore, these comnKxi^battery systettl may be 



shown in figure 48 may be considered in three parts: 
the primarj^ tnnsmitter, circuit; the secondary, or 
receiver, circuit; and the ringing circuit 

17-5, Phmat^drcuii, As explained in the 
previous paragraph, the primaiy circuit 'consists of 
the tratamittCT, the hookswitch, the primary winding 



divided mto two basic categories: manual' and of thr>fiiduction coil, and the circuitry to terminals 

automatic. With mmniiAl mmmrvt^HsfT^w ttMr*m«% T i v f**^ tv^ w^t^.^««u .i.<- 



automatic. With man^ craunon^oery. systems^' 
the teiephMe cal^ ^ switche;ci thrwgh (namially by 
pperatoti. With automatic ^terns* thi calls ::3re 
.switdied automatically by cencof offke equt|i^^ 
irfvxopoose to tbe numbers dialed qif customers* 
tclcpi^anes. It goes without saying that most of our 
systen\p are of the automatic (dial) type, sihce they 
offer more satirfiaaory service cp.the oistomer'^and 
Uie industry. ' ' 

17-3. As you may have expected, many of the 
components qf^itimon-battcry systons are identical 
with, <H- at least similar to, the corresponding iocal* 
battery components. Since tte statitm equipment for 
both manual and aiuomadc systems is tevered in 
Vqiumc 2 of I ^i-r^e, wc wiU not. discuss this 
equipment in noti We will, hqwntr, discuss 

some o^ the g».*. . features of die common-battery 
systems, • 

17^. Baak Coiomo«-B«ltwy CirqdL The basic 
circt^t o( a comnKm-battoy system is shown in 
figure 48. I;i this drcuit each telephone is equipped 
with an induoion soil a hookswitch (H). a 
capacitor (Q, a ringw (RG),'a transmitier, and a 
receiver. When the hookswitch is in^ poaition 
shown, current fkTws from the switchboard battery 
through tdephone One the {^ary wiijding of 
inciuction ooil {T\ the hookswitch, the 'traiwrnttcr, 
and line L2 back to the switchboard hanery. With 
the drcuit in this condiiioii, sound waves entering the 



LI and L2. The hookswitch , doses this drcuit 
whoiever the receiver is lifted from its hook or 
cradle^ as when itfae us^. lifts it to eidier answer or 
make a ^ephc^ caiL When die user places \^ 
, redJivcr back on iu took or cradle,*^ hookswitch 
q>ens the primary drcuit, disconnecting it from the 
central offi^ batt^. 

, 17-6. Secondary circuit. As shown in figure 48. 
the secondary oircuit coiuists of the receiver 
connected in with the secondary wiMiing of die 
induction coil As was explained fc^ the kx^i- 
* battery system, variable dc in die primary winding of 
the induction coil induces an alternating current in 
the sixondary winding and receiver. Tims, when 
either traosix^tt^ a ^dkm into in^ti^ system shown 
in-f^ure^'^, the spund-is hqupd in the receivers jof 
both telephones. Of cimrse, . iri ^modern tcIfephcHie 
systems, antisici^one draiitry is used to^ control the 
level at which the spen<^ hears his own voice m the 
receiver. . ;^ 

17-7. R^8^ ciradt. In figure ri«ice that* 
wiwA die ho(ricswi^ is opess^ the fslim^Uy drcuit is 
disconnect^ from the switchbc^c^biatiery.^ tn other - 
wor&, d)e £elq>hcm primary dr^t from Lj to L2 
is opcsn. Thf^ ri!^« drctik, ho«^«i', Aroulh jitter 
RG and c^packor C is stil^a »mplete pathjor 
central ofifkc ringing sntrrent Theref<w, when 
rigging current grom the swit^^jjpnard is applied -to 
terminals MX and via die telephone Une, it passes 



through ca{^itof C and ringer KG, to ring the 
called telcphod^ U ihould be noced that apacitor C 
will mx piis direci ctUTeai-**therefcKe, it prevcnti 
tte ringer RG from shoniiig (he swUchboani 
battery. Hus is impoctaitt ia ^>mitu?i^4aABery « 
teiephony. because witimt capacitor C, the 
teiephooe rii^er would be a asntimioui drain on the 
switchboard battery. 

17*8. SIpMilaf tte ^tckboard. As illustrated 
in figure 48, ttn^e is no ha^ graerator in the 
conunoa-batxery teiephone set. In common^batt^ 
telephony it is not necosary to use an ac ringing 
current to signal the telephone office. Since lifting 
the feceiver from its cradle allows t^ hookswitch to 
compkne a csrcuic to the central c^ce battery* a 
light conxiected ih Wies with this circuit at the 
swiiehboard will illumiiute whenever the receiver is 
lifted. Thus, die operator^ at a manual common- 
battery switchboard, is signaled by the lighting of a 
lamp whenever a ctissomer lifts his telephone 
receiver from its cradle. 



17-9. With the autMUtic c»mmon«battery system 
(dial telephonyK lemoval of the receiver from its 
cradte allows the bocdeswiich to complete a draiit to 
the coioral olflce bataery tfaioufh a Uoe relay in the ^ 
switehint «[tupi^^ opcnukm of tbii relay 
connects the alUng telephone through to the dUl 
switching equipment Thus* when a customer lifts hit ^ 
.receiver, he is automaticatly c on n ect e d through to 
die central dfice* He li then infonxwd <tf this 
connectitHi by the reception of dial tone in his 
receiver* 

17-10. This ends our discussion of tel^hone 
fundan^tals. The nestt volume ctf this counc 
pertains to telephcme station equipments including its 
construction and repair. Bet ore you study, the next 
volume however^ it is recommei^ dut you answer 
the review oterdset pertaining to this one. 
Remember, the better you understand the 
fundament of electricity and tdephooy, the easier 
it vriil be foe' you to complete the following volumes 
in this course. 
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AtfiH^«r-<=A devi(x wfaidi is dnigaed us c omptet e connccrioni be£««en jado. plugs, or 
.receptsd^ meus ocber ttum tbok originiUy intcndsd. 
A Hwyyit The prooeu of adjustiflxrdrauc so [bftt it will be rapomive tt> a desired 

ff^incy or rtage of frequendcs. Also, the adjustment procedure for eompoiiqits <tf 

a system so that tfanr fuictkxs are synduomzed. 
AlUfiatar Oi^— Loaf, mxtem s^iaf cUp with mesUng jawa, pnmarily used with test 

lelds for nuidi^ tsqiparery codoe^iaiiB. 
A ipliftfrte p I^f c ast of aufxiiiude ia a sifpia fnxn one pcxoc to aaocber. It i^ay be 

eximtsed as a ratk^ or by extension of the term, io decibels. 
. Aapliflei Back B laa Vdage developed ktoss a fisst time-OMistam drcuit within an 

ampU^ state aad fed b«ck into a preceding stage. ' 
Aap l iflw na aiai — ^The. circuit coaditk»s th»t provide a speciflc Ixas.far osoiroUing 

the drcuit current has resulted in dw tens ''ciass'* for ampUfms. Among dK^ 'dasscs 

are A, AB. B, «id C. 
Aa oi» Poiitive decirode fowant u^cfa electroos aod oegauve ions are dnwiL 
AatSiwaut Clrcmil — Ptralld-raoruuu drcuiL 

A irtii 4i to yi > Anrnntcment of a telephooe circuit where a small amount power 

frofn the trammittuig drcuit^is returned to the aitociat^ feeeiver . ^ 
Ard^i—Sparic lumping as can be seen at motor tmifhei or switcii comacts, 
Aitabla Miitivibntoiw*A drcuit that can switch rapidly from ax status to another. 

Also spoken bf as free nmning. 
A-Swffly — A voltage Kpower) supply which is of lower rating tt^n the B-supply, It U 

used with dectronic drcuits. 
Awiio— Frequeacy that can "ncwmally be heard, Audiofrcqueadcs range fttmi 20 to 

20,000 cycles per second- 
AatiMMlic SwitdlMf — Connections that are made by using remotely contn)Ued 

switches. 

B-Bstttry — Dt voUage si^iy for plaqi and screen grid eiectrodes. ^ ^ 

Back ElactroModye Foret^ Ventage developed in an inductive drcuit by a changing ^ 

currenL The polarity of the' iiKluced volb^e is opposite the applied voltage, 
li a ss T he tenter sexnicoodi^^'' region <^ a doilble ^^loctioQ transisu^. It is co^nparabie 

to dvs grki of an electron nttie. * ^ 
BattcfT^-Series of ceils wh&h produce electric current from chemical elements. 
Bias — ElectricaU m e c ha dcaU or magnetic f(xce* which is applied to a relay, vacuum 

tube, or other device, for the purpose; of establishing a rderence level for the 

operation of the device^ 
Biadbig Port — Terminal for a^iuiecting^a conchictor. 

BistaMa Maltirlhtittar-^A^drcuit which requires two input pulses to compktt a cycle. 
Btaadbr^A resfttor omnected U} im{tro«e vcAtage regulatit^t, to remove the charge for 

a capsdtHHT^ or to protect equipnmt £ro^ excessive voltage aftsr the load is removed 
BloeUig C^ar^for-^C^^tor whidi limits tow-freqtimcy current without maternity 

affecting the high-fneque^cy currat 
BHd^ CtrOiit— Devio: whii;h is lised to mea^^e dectncaj opposition by c(»nparing a 

known dr^t with the unknown. 



ftrkip KteUllir— Rwtifkr w^ikh. Im four ci«ncno arranged to provide fuil-wivc 
rectifiauioo of alieniatiiic ^urrtnt 
Vo lmtt O ppowag h^a^t. 
Mfcr Amf^Hm^A circuit deiigiied to isotate a precaiiisg 'circuit from the fottowing 

Byp«t FEItar— A circuit which provides a low aaaiuatioa shunt around somt 

equipment devices. / 
Ca l i i » ' An assembly of oool or mon oroductors included within a protecftivc sheath, 
^ tluis permitting use of the conducton separately or in groups. C^Wte may be 

$uspe«tod % pc^ or tbmm (aerial) <^ instalted in underground (buried), 
CaiiferatiM Piiiveii of o^iparing an imtrumoit with a standaiti to determine its 

atturuy or to devise a correct scale. 
rspttfitliFtf R entiBCT "Of^KMition offered to alternating current by capacitance, 

expressed in ohiu. 

C*P«^*^ Coaplfaif— AssodaticMi of two or imire droiits through use of capaditance. 
Carrier— High*frequeaQr amrcnt superimposed on a voice current mi on which 

a d d itiona l frequencies can be modulated Provides for the trammisiion of moM than 

one type of i nt ell igence simultaneously. 
Casode ApfUIM^A circuit wiA sevwal j^es in which the output of cnie is fed into 

the in|W of a second 

^Catkbde FoUoww— An electronic circuit in which tte output load is connected to the 
cathode, ctrcuit, 

ClaiiifleafSM SystesB— Using a common qualifying base to arnu^e groups- Also, the 
groups are arranged to form a specific scheme. * * . 

ClassifM — A dcsignaticHi for official infcMmatioa which is to be prwccted in the 
interest of the Natio&*s defense. • 

CoUeetor — ^The compooent of a transistor that compares to the plate of an electron 
tube. 

Composac CaiMe^-Cable in which conddctors erf different gages or types are combined^ 
within one sheath. 

CoBfliksfial— Classification authorized for defense information or material which, if 
disclosed is prgudidai to the defense interests erf the Nation. 

CottliMity— The presence of a comptetc electrical drcuiL 

Corrosioo---Eating away (dissolution) <rf mml by add type chemicals. 

Ca«kMk*s Lam^A law which states that Ae force between uniijtc charges is an 
attractitm, between like charges a repulsion. 

Coqiliag— Assodation of two circuits so that cicctrical energy may be transferred from 
one to the other. 

Dead — Having no connection to any source of voltage. 

Detector — Device which uses a eirrier current while controlling a lower ftequency uniL 
Dial Ptalse Sprittf^A pair of ncHrmally closed springs of a dial asscanbly, which is 

ojjcned and clqsed by a pulse cam. The number of times tfaatrthey open corresponds 

to the digit dialed 

Dial Sht^Sprl ng j ^ Set of contact springs of a dial assembly which shunt the receiver 
and transmitter of a telephone set whenever die dial .is off normal (operated). 
Shunting of the receiver preveftis pulse elicits from being heard during diaUng while 
shunting erf the transmitter prevents a variabte resistance from affcc|ing the generated 
puises' of the dial in the line loop, ^ 

Dial Switckiag Cait«"--CcOTmunication building where automatic tel^hone and 
teietyiiewriter eqtii|Kneat is placed which consm:^ two or more u$cr% tc^cti^ for 
communkatiOT jmrpdses. 

P^ o * ** A device which dmngci filtenattng current into a pulsating direct current Also 
calkd a nxtifw. ' . 

E3ectro«k--Work done by movement of electrcw; 
Eailfer — A transistor electrocte from which the carriers depart. 

56 




Ei^poiMitet— Hmving liie same poceatiiii at all points, 

Fwdbadi Rctunuaf a fnctk>o of cte ouipui si§»l to the cifcuii input. 
nsMi B faM V oUagc £>i a coofttam value. % 
F l u i C odawocdi, mckaanmt aoct iboft 'tittel for S{ieciai uik^^oL 
flw— Term to dteiinate cotlecdveiy att the clettric or mafneiic Unea of foiw in a 
reftcxL 

Fqw-WIm— A two-way dmuc using two {MUhs amtiged so thai the ^^mmuiuaitioa 
currents are transmictid in iMe cUrectioo on only one path and tnu»mitted in the 
opposite directk)ci on the od»r puh. The drcuii anangement may or toay hoc include 
four winss* 

FrsipSBCj Number of electrical chaiig^ In a period of time^ 
Higft Ri s i t n a >fe iMClIua Union of oondqctors which is fiulty, thus reducing the 
drfruit current 

Hol^-A motHle vacancy in the electronic jgructurc*of a transistor whkh acts as the 

pcaiiiw point in the device. 
HydfftMilw Float and marked container used in measurii^ specific gravity of a 

storage battery electrolyte. 
lapadiMa Total opposiiicHi to alternating current 

t ad M rtn a ce T he {m)perty of an electrical circuit which provides an oppoaing voltage 

to current changes, either in die cir^tNjtseif or in ^ neighboring circuit 
Indwtive Cogp llffig AsiodatiQa of one circuit with anothe^^^by means oi induaancc 

that is common or mutual to both. 
lafiaUy — Having a resistance dm is too great to measute* 
fflMlstr — To separate from other conductors with a high-resistsnce material 
Ut«ir A circuit in which one acticxi cannot bqsin untirone or more other actions 

haw occurpsd The Interbcking action is generally o^»ained with relays. 
Intel I ipler— Magnetically operated device for opening anrf closing an electric circuit 

rapidly and periodicaily/ 
IR DrofH-Voltage drop across a resistor produced by current in die raistor, 
lacfc— ^^adcMiary pan of a circuit connector. 

JMip«r — Short kmgdi erf conductor used to coniwrt terminals or used to connnect 
. around a break in a drcjiit It is usually a temporary cotincction. 
Kc--One thoioand cycles per second (kilocycle). 

KircMrs Lawt— The »un <rf die current flowing to a giveir point in a circuit is equal to 
the sum of the current leaving tt»t point Also, the algcbtaic sum erf the voltage drops 
in any dosed loop <rf a circuit is equal to the algebraic sum of the electromotive 
forces in that circuit 

Lead— A wire to ot from a circuit dement 

Le^ttd — Symbols or other data placed nrar a diagram. to assist in determining the 

proper interpretation. 
Lcsz* Law Current induMd in a drcuU as a result of its motion in a m^netic field 

in such a direction as to exert an opposing force to the motiop- 
Umw — Having an output which varks in direct proportion to the input 
Liae Balaace— Matching impedance, equaling die impedance of the line at ail 

frequracies, when terminating a two-wire line. 
Lo a dif — Connecting a power consuniing device to a circuit 
Laadi^l— iMertion of reactance in a circuit for die purpose of improving its 

tra n s m iss io n charvterisiics in a given freqtiency band. 
Loddai — Keeping a device operating following the opening of xhs originating circuiL 

The term "hokf* is also used to identify th»s second oprrating circuit 
Looy A closed dcctrical circuit 

Loop Mriwg Regular, momentary interruptions of the direct current in a closed 
electrical circuit 

Low-Flit FUicr— Artangonent of compcMicnts which passes alt frequctuaes below a 




spedAMi friqumcy with liate or nolou but diicrimiMtBi Iftiotc usf hifber 
fracpMocy. \ 
Mate mm»4t^ Wf mt U nit uMd for coriiycting tfac ouaitk triephooa Usm io ttm 
iwitdups caotar aquipacoL It aiio Mppom i^raiective dsviCM and functkm ai t tot 

DOIBL \ 

ManriMf PiiwiH O fSdat paficr slnwiai \aiS aiuborizKt poiitioai for att 

Me— One niUioo cyctaa per fecood (megacycle). \ 
MUU— One thomanrirti of a unit. \ 

Meailar— Chackiof the perfbrmaace of a device, unit^ or system by examining a 

sampfiag of the output. \ 
M alrif i e C onaacted in paraUel. \ 
M irtl a ii eM Pro c eii of making a document umecogoizable and prevtaiting its 

iflfonnatiao ftoax being recoiMcnicted. \ 
MMai Ip i wUM T i alnji ii g a voltage into oae dreuit from a i^ghboring dreuit that 

ia oagiKticaUy ooupkd widi tL 
Ne <e Zero point; for imtaoee. an dectricai point which bu no current ias been 

referred to as a cumat node. 
Oki^ Urn^ • orl - E/R, or R - E/I. 

0 >— M>ji ' r mii' <i if for nmiuhng reaimnce in an dectricat dreuit. 

Opea CXica^— A drcuU which is not compiete. 

O pwi C hqA Vnitage Voltage at circuit terminais wben no appreciable current is in 

the dreuit ' 
jPUck— To oooaect circuits together tnnpctfariiy by means of a cord with plugs, which 

is known u a patch cord 
.niwI—A device designed to fit into notches on its mating device. 
Wa a l T he installed fiadlities which provide communicatioia by electronic means. 
Hag— Removable patt of a, pircuit conoeoor. 

nilar Rally — A device that has a permanent magnet that centers the aimature. The 
armature moweoient ^ determined by the direction aS cuirent in the windings. 

Polar{tr--Coad^ion in an'dectricai dreuit by wtuch the direction of the flow of current 
can bts dctemixiodL 

Pocw rtai DigTercnct in volts^e between two pointi in an elcctricml circuit 
foimMomMm (fOTS^A thm-cerminal resistor which has one or more sliding 

coaticis md dms fiunaicHtt as an acgitstable voltage divicter. 
PrMpmiloMi — BefcHie teieptK>oe cquipmoil is *'cm cn«r/' 
PmMdYt M«isttuuK»— Care of equipment that prevents future troubies. 
Primary — Fust 

Priurf Act of tnaiung a device ready to operate. 
Fro fca Ten lead used for checking eiectncal circuits. 

Ptdstaf Rctey — Devioe which reacts rapidly when there is a sudden change in its 
operating circuiL 

fidm Ref a ai ir-^A device whkh receives pulses and reflects ti^m into a second circuit 
Pmdiiag — MeuL stampUng designed to permit a connection to a conductor by means 
of sokier. 

RC CcNiplii^^ladag resistors and ca(:»»f:itors in a particular arrangemcm so ttut 
form a ccmnection between two circuits. ^ 
RidprocaJ — Method for deter^ning resistance in a parallel circuit. 
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RqpmratiYe— Process by which a p^n of the power in the -output circuit oi an 
amplifying device is relumed to the input ciroiit so that the initial power is increased. 



C o i l A devict* such u i tnmiomm, which receives ftigmi^ from .om 
drcuii wad mxmmmm &em to another drcuic 
EmUmI lyfiAiMHiiiii which remaini in t uai£ titer removal of the mafMtizifl| fcxte. 
Alio the nuK for m screw that ii placed beMwii nUy irmatun and coU coit which 

ctrcuit it opened. 

RaitaCHiGa Oppotition which a device or materiJii offcra to ciirrcnt txi an electrical 

cticuiL ^ 

R«MMl l^evMitj The frequency m whkh the inductive reactance is equai {ft the 
capadci¥i reactance. 

Circuit iignaling where the lignaling axvi supervi^on ti comroUed by a 
riogini currem. 

Secret— Infonnatioa or material which, if d(icloied« couid reiuU in serious damage to 

the Natioa For example, die release of infonnacioa chat shows the location of troops 

who are esgaf ed in war. 
SeMitfT*— AU cla s s i fied informadcHi is setttitiw. Unclassified informs^ioa which 

reveals dasaafied plana wfaea used with odier iitfarmation is also lensitim 
SerieMUseMit Orenii^ circuit which has dv power source is series widi 

capacitance and inrti i rTinoc whose reactances cancel each other at the ^Ued 

frequency. 

Short Qmil — Low-resistance anmecticKi between two points, usually accideatal It 
results in excessive c^uTent which may damage the equipment 

Sh— I Two or tnorc eiectrical devices cocmected so dia; the curretu may divide 

between them. 

^ow-Opmted Relay — A relay designed to act slowly following completion of its 
operating circuit 

Slow<Releaaing Rtiay— A ^y having a time delay in which there ti an appreciable 

delay between the opening of the operating circuit and the release of die annatute. 
Sseah CerreHt-^urreat which, while no! pardcularty eotcessive, is above die ocmnal 

specifkadon lo^ the equipment circuit As a result it can pnkh» heat damage to the. 

components, ^ 
Soid«— Alloy tead and tin used in making drctiit connectiona, 
Specificatioas Prq>ared engineering infonnaticm for teicpbi»e equipment 
Spring meep~The assembly of ail comact ^>rings which are opctMcd by an armature* 
Static Elecsridty— Electridty duit is on an afcject and which mwmally has no way to 

leave it When a second object is brought n»r, electrons jjimp between the two, 
TeicfihoM Tappiaf— Connecting to a telephone circuit so diat infwnation can be 

wthdrawn. For our purpose, this aa is ilkgal. 
Teletype— Tranwiiiting sysiKn which uses a keyboard for sending and receiving 

typewritten messages. \ 
TcnaijHl — Fmal device cw station in a system, 
temri aati e e (4.wire>~CoGnecting a load to a 4-wire line circuit 
Thermistor — An eiectrmuc device which changes^ resistanw with a change in 

temperature. 

Top Secrtt^Information «r material which, if disclosed, coukl result in exceptionally 
grave damage to'che Nation. If a disclosure would result in ah armed attack on the 
Naoon. for example, the iafc»mitioa would be classified TOP SECRET. 

TransieHt^ — Instantaneous surge afvoltage which results from a circuit change. 

TrMk Communications duinnd bwween two offices or between grou{» of equ^)mmt 
within (he san^ office. / 

Tnaed — Acyusted to operate at n specific frcquoicy. It also describes a circuit diat 
consiM of inductance and capacitance which can be adjusted' for reso^nce at a 
desired frequency. 

U nrim i Hed — Information which heed not be prow:tcd but may be subject to security 
safeguards* 
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Uriiirt<ii<«il OfBcUvt ia ant dirtetkio aoty. 

VwiM—Otvict wbQM risiaiuec lonom.viten the M>Ita|e ioerauei. It ii mod to 

ibntaK tatrnfiil yoltigt away Crom eireuit cotnponwui .^ 
¥■■11 teMcJ*^ tniitiftiMf fMmiiinf*' ***'* i'»ui>»*tmii«af4w«t« caMt an tglkarf GoiMhcr. 
V p ii y T o iawwi tto itw rniwirri i iM Of agioa w «* 
Viaiw Divin ai^iUtd to tht gradMand icalt ga many ihitnwtfnTt which pff*T<i!* 

accunta u^uiiniflfit or whtdi fnahtw thf repairman to maki a mora predie reading. 
Valttft^Tans uaad to tdamiiy alicsricai pciitibt. 

Valiaji P hr Ma r R »i»iof or raaiaaora «^iich provida aciyuionaat by which a paraUai 
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Station Equipment for Common-Battery 

Systems 



THE TELEPHONE equipment instailer-re. 
painnao, as you already know, oiust install, 
troubleshooc, and repiir telephoius and tde« 
phone circuits* To do this he must have an un« 
dcrstanding of various telephone systems* circuits^ 
and components.^ In Volume 1 . we discussed the 
principles of cicctricity and described the basic 
circuits and components for sound-powered and 
locaKbattcry systems. Furthermore, the basic prin- 
ciples for common-battery telephony were also 
. briefly described. 

2. V^olumc 2 continues '4lic discussion of fun- 
damcutajs, showing how 'they are applied in 
manual common-battery and automatic systems. 
Furthermore. Volume 2 covers telephone station 
maintenance, troubleshooting ard repair, and the 
use of special tools and equipment for testing 
components and circuits. 

3. This chapter discusses the telephones used 
with manual common^battery systems, and the op- 
eration of their pans and components. The ma- 
terial in this chapter has been arranged in the 
foiiowing sections: Telephone Components, 
Cor-, nson ot Local Battery and Cc&nmon-Bat- 
tcry ^ystems, and Common- Battcr>' Telephone^ 
Circuits. 

i. TekphoM Compoflents 

1-L The modem telephone in gcntral use to- 
day has the toilowing major componems: 

a. Handset This unit houses the transmitter 
and receiver; and, as you al*^eady know, you hojd 
It in position at your ear and mouth. 

h Handset Cord. This cord extends from the 
handset to the circuitry in the telephone housing. 
It generally contains either three or four conduc- 
tors which connect the receiver and transmitter 
to the arcuits in the telephone housing- 

c . Telephone Housing Assembly' fhts assem- 
bly houses i\\c components used in receiving, 
transmitting, signaling, etc. With the dial and 
manual commun-battery systems* the ringer. 



hookswitch, induction coil, capacitors, and either 
a dial blank or a dial assembly are in the tele- 
phone housing. 

d. Mounting Cord. This cord extends from 
the circuitry of the telephone housing to the 
connecting block- At this point it is connected 
to a circuit that extends to the protector block 
and to the, outside lines and cables. The mounting 
cord usually contains three or more conductors, 
depending on the system and the type of tele- 
phone circuits used 

1-2. Before we discuss manual common-bat- 
teiy systems and teiephcMies. let's first consider 
the development and use of some of the main 
tciephone parts. Since the hand generator and 
ringer were covered in Volume I, the information 
is not repeated here. The main parts to be- con- 
sidered in this section are the transminer, re- 
ceiver, induction coil, and the capacitors. '.Vc will 
consider the , transmitter first because it is the 
unit which transforms the sound waves into elec- 
trical impulses. Secondly, wc will consider the re- 
ceiver because it is the unit which receives the 
electrical impulses and converts them to sound 
waves. Thirdly, we will discuss the induction coil 
because it is used in conjunction with the trans- 
mitter and receiver. We will discuss capacitors last 
because they may be used in conjunction with 
the other telephone components. 

1-3. Transmitters. In Voiume I we said that 
the solid back transmitter, developed to increase 
telephone ,efficiency, came into being when bat- 
teries were first used in commercial telephone 
systems." Of course this forerunner of the modern <. 
transmitter was developed from the Blake trans- 
mitter. Blake's concept f a transmiaer should vary 
the strength of an existing current) is still being 
applied, and the solid back transmitter works on 
this principle. 

1-4. In figure 1 movement of the diaphragm 
changes the pressure on the carbon granules in 
step with any activating sound waves. When the 
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-.ran^mittcr is connected into a circuit, these pres- 
sure changes -.arv' the current through the trans- 
mitter, because the resistance between the grains 
*>c carbon vanes inversely with the pressures 
placed on the carbon. In other words, if two 
.rii.vcs ot carbon m a circuit are pressed firmly 
•'^L^ether. more current flows across the contact 
■■■••m uhcn thL'v arc pressed lightly together. 

!-5. When several small pieces of carbon are 
:■^^!ccd in >cnes m 2 circuit, a very small change 
>-t pre-surc on them causes a large change In 
■r.c:r resistance. By incrcasmg the pressure suf- 
::vicntlv, the resistance of car^bon granules mav 
pc m.ide jimosf negligible. In the "transmitter a 
.ir^,v diaphragm is connected t£>^e flexible cover 
T -J c'jp containing carbon grapules. This dia- 
:^^ra^m provides a large surface for sound waves 
■■^nd increases '.he effectiveness of the trans- 
.•nittcr As previously .uted. the vibration of the 
transmitter diaphragm varies the. current through 
;hc transmitter according to the resistance within 
:hc carbon cup. 

1-6 The sofid back transmitter, although it 
■A as u.scd for many years, was not too satisfactory 
■•Hth the carbon arrangement shown; the carbon 
-Tanulcs formed a looker contact at the top than 



at the bottom of the cup. Then, even thouah the 
action of the diaphragm tended to move the car- 
bon grains as desired, the -instrument had to be 
held upright. If the instrument was tipped m anv 
direction different from the position for which it 
was designed, the movement of the carbon .gran- 
ules tended to create a -frying- noise -in the 
receiver. So the solid back transmitter functioned 
best when used with the old desk-stand tele- 
phone. It is unsmted to modern telephones. 

1-7. With the development of handsets a trans- 
mitter adapatabie to different positions became a 
necessity. The carbon cup transmitter, bhown in 
tigure 2. had a dual advantage^: it could be moved 
m any direction without carben granules moving 
about in the cup. and the ^hape of the carbon 
chamber and position oi the electrodes prevented 
the carbon granules from packing together within 
the cup. In general, this transmitter ^overcame 
many of the ofajecuons of previous transmufers. 
and its frequency response was much more uni- 
form. In fact, the whole transmitter was more 
efficient than any other had been, the reason 
was cenain improved device* { contactors and 
insulators). \ 



1-8. Figure 3 shows a handset equipped with 
a modern transmxtiing umi. The diaphragm, con- 
sirucied of a thia alumiaum ailoy, is supported 
by paper on ii» edges; and a sik^ moUmre-rc- 
distant membrane stretched across the from of 
the transmiitiag unit protects the parts of the 
mil from the condensed moisture of the speak* 
cr's breath, 

1-9. Because the modem transmitting unit has 
only a few pans and is asscmblcd^t the factory 
by stamping ^ind pressing operations, it cannot 
be repaired by field forces. If^e transmitter unit 
of a telephone is bad, it must be replaced with 
om: of the proper tvpc. 

I -10, Our discussion of transmitters would not 
be ccOTplete without mentioning that special- 
purpose transmitters have been designed and 
supplied to service units. One of the special- 
purpose transmitters used during World War II 
was the differential transmitter which was worn 
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dsrcctiy m from of the sjKalter's Ups. It is com- 
monly cailpd a noise-caaceiiag transmitter;, be- 
caiiw noises entenag from the side or back <3S the 
transmitter art canceied out, apd only those 
noises which eiyer direcUy .^oji the ' front are 
tnaismined;. As you can see. this noise-canceUng 
feomre has the advantage of eliminating sounds 
of guafirc or other communication-disturbing 
. nbiscs of battJe. , 

t-Il. Most differential iransmitters operate by 
equalizing the pressure exerted on the face of the 
diaphragm. This equalizing " is possible because 
of, the structure of the transmitter and the ar- 
rangement of the acoustic openings and airspaces 
about the traasminer diaphragm. The resulting 
diaphra^ motion from distant sounds is. there- 
fore, practically zero. Side sounds cause almost 
no change in the resistance of the transmitter 
carbon granules, and thus cause no perceptible 
change in the tratismittmg current 

M2. Receivers. Receiver development has 
been a continuing development. Figure 4 shows 
the components of a receiver so that we can de- 
scribe its operating principles. 

I- 13. The receiver principle is still the same- 
magnetic forces from an electric current create 
^ound waves which match in shape the orieinal 
iound waves itriiiing the transmitter. 

1-14. To produce the sound waves, the tele- 
phone receiver uses magnetic forces resulting from 
the strength of the .current received. ^This current 
IS to be found in the winding (sec fig. 4). The 
magnetism strengthens or weakens the puil of a 
permanent magnet on the receiver diaphragm. 
( See bar magnet, pole piece, and diaphraem m 
figure 4. ) The basic receiver function is shown in 




A. B. C, and D of S^ure 5. In \ the diaphragj»- 
is deflected only by the pull of the permanent 
magnet, because no curnsnt Is in the coil wind- 
ing. In B the current strengthens this magnetic 
puil, and an increase diaphragm deflcctioo re- • 
suits. In C decreased diaphragm deflection re- 
sults from a reversed current which opposes the 
pull of the permanent magnet. 

1-15. Conpnuo^ current alternations would 
produce a wave shape similar to that shown in 
the top portion of figure 5,D. If the receiver did 
not have a permanent magnet, however, such cur- 
rent reversals would not produce an alternating 
wave shape (sound wave). The resulting wave 
• shape in that case would be the one shown in the 
lower portion of figure 5,D. As you can see, 
the permanent magnet in the receiver has a 
great effect on the shape of the sound wave pro- 
duced by the receiver. Without this magnet a 
sound wave similar to an ac wave would not be 
reproduced. 

1-16. During every telephone conversation the 
modem receiver .diaphragm fluctuates many times 
each second between the condition shown' iii fig- 
ure 5.B. and that in figure 5.C. This fluctuation 
is caused by receiver current transmitted from 
the distant station. This fluctuation, then, pro- 
duces sound waves which match the sound wave 
of the speaker's voice. 

1-17. The flat receiver unit ffig. 6) in the 
handset is ihp result of recent telephone engi- 
neering. More effective sound characteristics a^re 
obtained with this receiver than were possible 
without the new magnet arrangement. The rine- 
shaped pole fiiecc concentrates the magnetic lines 
of force near the diaphragm. You can see the 
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position of ihc coil within the magnet Note the 
screws which attach the conducton to the re- 
ceiver tcrn^mai plate. The other components 
should cow be familiar to you. 

1-lS. Induction CoiU. The principle of induc- 
tion coils was discussed and illustrated in Vol- 
ume I of this course. The induction coil is used 
in the modem telephone mainly for the follow- 
ing purposes: 

a. To provide good transmission and reception 

b. To reduce and control sidetonc during 
transmission. 

1-19. As mentioned in Volume 1, the early 
telephone inducnon coil used two windings, a 
primary, and a secondary. The later induction 
coil, however, uses a balancing winding in addi- 
tion to the primary and secondary windings. 
These windings will be discussed in 'more detail 
jt^tcv in this chapter. They ha\T been men- 
tioned here for the purpose of introducing tele- 
phone parts- Before we cononue with the next 
part (capacitors), it should be mentioned that 
most of the later telephones use a network as- 
sembly which contains the induction coil, ca- 



pacitors, resistor^ etc, which arc rc^iuired for 
transmitting and receiving. 

1- 20. Caf^citors. Capacitors used in telephones 
have various functions. Some of these functions 
arc listed below: 

a\ In the modem common-battery telephone a 
capacitor is connected in series with the ringer 
to bicKrk the passage of dc current. 

b. In many telephones a capacitor blocks the 
passage of dc cul*fent through the receiver. 

c. Capa^Kors with the required rating may be 
used in telephones to pass ringing currents and 
to reject voice frequencies, 

d. A capacitor, used in conjunction with an 
induction coil, helps to produce a strong trans- 
mitter output and aids in the reduction of side- 
tone, ^ 

2. Com{iarisoii of Locni* Batter}^ and 
Commoo- Battery Systems 

2- L Shortly after local-battery telephone sys- 
tems proved successfui, telephone engineers re- 
alized that a central source of power could tumish 
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more economical and more satisfactory ser- 
vice. Therefore, the teiephonc battery was taken 
\out of the subscriber's telephone set and in- 
>r^led at the central office. Although the prin- 
ciples of common-battery systems are similar to 
those of iocai-battery systems, the components 
are slightiy different and are arranged in a dif- 
ferent manner. 

■2-2. Before wc discuss the components and 
their arrangement, let's bncfly consider the over- 
ail arraagemcnt of a telephone system. Look at 
figure 7. which illustrates a simple telephone 
•;ysttfm. .Although common-battery telephones are 
used ia this system, a simiiar arrangement is 
used with localrbattcry telephones. The most sim- 



ple system would consist of two locai-battery 
telephones and their, connecting conductors or 
lines. But in all modem systems you will find a 
centra] office with either switchboards or switch- 
ing equipment of some- kind. • 

2-3, The centra] office and switchboard oper- 
ator are often caJled "central" or "operator." .As 
few as three or as many as several hundred tele- 
phone, stations may be connected bv lines to a 
single central office. The size and extent of the 
system may vary, but each of the telephones in a 
system can contact the other stations in the sys- 
tem. 

-2-4. The telephone stationsf central office, and 
connecting lines shown in figure 7 constitute a 
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?\^^ 7, Tckphane system. 

telephone system with a single central office. Such 
a telephone network with its central of^ce and 
connected teicphone stations may be the whole 
system; however, it is frequently only a part of 
the system and is cailed a telephone exchange. 
The connection of twa exchanges (a^ shown i in 
tig. g) or several exchanges by tnmkJines is a 
commM arrangement- For example, a large city 
normally has several exchanges, all connected 
by trunklines, 

2-5, At this point let ^ rcView the arrange^- 
mcnt of local-bmtery systfchis and compare it with 
that of common-battery systems. Keep in mind 
that local-battery systems have ail the necessary 
comraunication parts within the telephone set. 
Telephones in the locai^b^ttcry system are op- 



/cratilM^v dry cell batteries wiihin the hidividuai 
substatioast whereas those % <the 'common-bat* 
tery system have a watrally located ba|t«y- The 

^ se^ttA major c<mipoaents of the loq^nbaitery , 
phone are the receiver, transmitter, battery, in- 
duction coil, switch, hand generator, and the ' 
ringcn 

2-6, In iocai-battery systems the, sources of 
clectricai energy for the transipitiers and signal- 
ing deVices are always included' in each set. Thus 
the term ^local'" acans t^jat the sources of elec- 
trical eiaergy are a. pp of the uyiividual tele- 
phone, A local tjattery supplies the current for 
the transmitter ciftuit; a hand generator or mag- 
neto supplies the current for signaling. "With thi^ 
type of system, a IcKal btttcry^is provided not 
pcUX for each subset (telephone station) but also 
for die switchboard' 

2-?, ComfK^iits o| Coisimoa«B«ttery Systems; 
The componefljs of the common-baiiery tele- 
phone are simpler tt^ani^tHbsc of the locai-bat- 
rery subsets, becausemc hand generator and 
the battery have been elimiiiated at 'the substa- 
tion. The other eomponcirts. of the common-bat- ^ 
tery subset— the riwciver, eransmittcr, induction 
coil, ringer' and hcflkswit^h — arc all similar to 
those found in the focaiibattery subset/ In addi- 
tion to these fiv*^ components, the common- 
battery subset requires a capacitor in scries with 
the ringer. The .capacitor, which bloclcs direct 
current, prevenis^ the current on the line from 
tlowing through ^he ringer' when the subset is not - 
in use.i If such a current wei-e permitted, it 
would be a constant drain on the power supply. 
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2-8. Figure 9 is a blcwzk diagram of iht com- 
mon-battery tcicphone system. Since the sources 
of electrical energy for the tnmsmittcrs and sig- 
naling devices are located at the central office, all 
of the stations receive their energy from a com- 
mon source. This common source of power 
( which usually includes a 'generator and a large 
storage battery) also supplies the current for • 
switchboard operations, including signaling lamps, 
& ringing machine to supply ringing current for all 
teiephonc sets; and switchboard tran^ssions. 

-r^. The teicphone stations in figure 9 have 
no bauerv^; the switchboard signal lamps operate 
automatically when the subset receiver is 
removed from the hookswitch. This refinement;?'^ 
along with others, allows the common-battcrW 
switchboard to handle a large volume of traffic, ' 
Such opei'ating speed and efficiency would not be 
possible with a local-battery system. 

2-10. The operating qualities of common-bat- 
tery and loifai-battery systems are similar.^ Ex- 
ceiient commutiication can be attained with cither 
^^ystem when it is used in its proj^r place. Each 
tcicphone systim, therefore, performs an impor- 
rant commimickions fun<^on for the armed ser- 
vices. \ <^ 

2^11. In gencMl, tnilitary field telephone sys- 
tems are manuailV operated and may be either 
the local-battery ^r the common^battery type. 
The lo€ai-batter>' s>^tem is used more often than ' 
the common-battery system for temporary service- 
Where time is a fa<Jtor and the system may 



later be improved (or r^oved), a local-battery 
system maj be instaUed; Field wire lines can be 
used with it« since they can be installed and used 
under somewhat advu^e"^ condidons. 

2-12. Common«Bflnery Advantages* ,The use 
of comiaon-battcry s^^stems for permanent instal- 
lations reduces battery costs and increases battery 
efficiency. Recharging batteries costs far less than 
buying new dry^ejl batteries, and recharging is 
possible because the battery is at a central loca- 
tion. The, storage battery of the common-battery 
system is more efficient than the dry-cell battery. 
(Too, the storage battery voltage is stable.) 

2- 13, In manual common^battery systems the 
telephone user signals the switchboard simply by 
removing the receiver or handset from the hook- 
switch. This action completes the circuit for the 
direct current and causes the lamp on the switch- 
board to light. At the end of the call, the opera- 

• tor is again signaled by the lamp when the re- 
ceiver is replaced on the hookswitch. Thus one 
operator can handle many more lines than would 
be possible otherwise.* With this system no mag- 
neto at the subset is required, the subset e^p- 
ment can be smaller, and the subscriber can use 
tie subset with less difficulty, 

3. Cumffioo^Battery Tefephone Circuits 

3- 1. Figure 10 illustrates a common-batter>' 
telephone circuit. This circuit is* representative of 
many telephones that are still in use. Of course. 
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FffufB 10. AntisitktOM circuit scheiawc. 

most of those still in use arc equipped with a dial 
which is not shown in this iUixstratioa, The dial 
circuitry will be cxplaiflcd in Chapter 2 of this 
voimne; therefore, it is not illustrated ia this 
chapter. 

3-2, Now let's discuss the tcicphoae circuit 
liiustratcd in figure 10. Note that the cinruitry 
is built around a three-winding induction coil. 
The wmdiflgs of this coil are called the primary 
winding, the secondary winding, and the bal- 
ancing winding. /The balancing winding is some- 
times called the tertiary winding, but don't let 
this fool you; it still fxmctions in the same man- 



oef as a balancing winding. Also note that thft 
hookswitch in figure 10 is shown with two pain 
of conucts— one pair loca:^ between tenninals 
L2 and T «o<i (he other pa£r iocated ixtween 
• tetfflinaU and R. Furthennore, the hook- 
switch contaos are shown in the closed position; 
the position they assume when the handset is 
removed from its cradle. One more thing, note 
that the ringer with its capacitor is connected 
between terminals LI and L2. Thus it is in i»si- 
tion for receiving ringing current via the tele- 
phone line. 

3-3. The circuitry sfaovni in figure 10 is of 
the antisidetone variety. That is, it iHustrates the 
circuitry of an antisidetone subset (telephone) 
and in its iimplified form, shows each portion of 
^an antisidetone siUjset The arranfement of the. 
"diagram shows that the cutrefli in oiw of the 
induction coil windings is opposite in direction'to 
the currencs in the other two windings. 

3-4. The antisidetone effect is obtained by 
the combination of subset parts, but the heart of 
the antisidetone circuit is in the particular induc- 
tion coil used in the telephone. The antisidetone 
circuit wiU be explained in Chapter 2. 

3-5. This complete our discussion on the com- 
mon battery telephone circuits. The next chapter 
covers station equipment for automatic systems 
(dial telephones). Before you study the next 
chapter, turn to the workbook and complete the 
review exercises for this chapter. 
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CHAPTiX 2 



Station EquipmiBiit in Automatie Systems 



TO INSTALL and maintaia telephone equipment 
used by the Air Force the telephone equipment 
iastaller-repainnan must be familiar with both 
manual and autwnatic systems. Although most 
of the telephone "systems used in the Air Force 
today are of the automstk: (dial) type, ycai 
should understand both systems. You must be 
familiar with the transmitting, receiving, and sig-. 
naling 0rcuits, and you must understand tele- 
phone dials and dial circuits. 

2. In this chapter we will discuss the telephone 
equipment used with automatic telephone sys- 
tems, first showirig how central office equipment 
makes a telephone call possible. In doing this, 
we shall see how the common-battery systems 
operate. We have divided the chapter into the 
following sections: Common-battery ^> stems, the 
dial telephone, the touch tone telephone, con- " 
trol of switching equipment, telephone dial con- 
struction, opcraticm, and wiring, and ?he 500- 
type telephone. 

4. CoounoiHBattery Systems 

4-1. .Vfodem telephone systems are nearly all 
of the common-battery type. The electrical power 
used in operating the telephones in most sys- 
tems is supplied from the central office. Wlwn the 
switching and connecting of stations is done by 
operators in the central office, the system 'is then 
of the manual common-battery type. When the 
switching ' is done automatically in the centtal 
office and controlled by a dial on each telephone, 
the system is then of the dial common-battery 
type. 

•i-2. The connections between telephones in a 
dial teicphone system are 'made by^ svwtching 
mechanisms in the central office. These mecha- 
nisms are remotely controlled by the dial on the 
calling telephone and do not require the aid of 
an operator. 

•i-3. In addition to some relatively new elec- 
tronic switching systems, there are four electro- 
mechanical types of dial telephone systems used 
by the Air Force. These systems are as. follows: 



0. Step-by-step system. 

b. XY sys}^ 

c. Crossbar systen. 

d. All-relay system. ^ 

4-4^ Thea four dial systems interconnea the 
telephones of subscribers in basically the same 
way. The principal difference in the systems is 
in the equipment used. 'Let's briefly consider \ 
these systems, , \ 

4-5. Stcp-By-Step System. One of the most 
commonly used dial systems has step-by-step " 
switches which operate directly from dial pulses 
transmitted from the pulse-sending device (dial) 
on the telephone. Operation of the dial interrupts 
the line current by idtemateiy opening and clos- 
ing the dial pulse contacts. In a step-by-step 
dial system each set of dial pulses (sometimes " 
called train impijlses or' pulse trains) corresponds 
to {he digit dialed by the telephone user.^ This 
pulse train extends a connection oac step at a 
time (step-by-stcp) through the switching eqtiip- 
mem to the called telephone. The wipers (or con- 
tacting arms of nimierical, dial-controlled step- 
ping switches make the proper connections at 
the central office. Electromagnets which are op- 
erated by pulses from the dial on the caUing tele- 
phone mbv5 the wipers one step at a time. Fig- 
ure ! 1 shows bow the wipers are arranged, and 
figure 12 shows the completed connection. 

4-6. The operation of a stcp-by-step dial sys- 
tem is essentially the same as that of the manual 
system. For exaqipie, when the receiver is re- 
moved from the hookswitch in the m'anual sys- 
tem, the operator responds by connecting an 
answer cord to thj^ling line; that is, the op- 
erator finds the callip| line with the answer cord. 
^VTien the receiver is removed at. a station in the 
dial system, a line-finder switch automatically 
finds the calling line and extends that line to 
a connector switch, which connects'-a tone (dial 
tone) to the line. The dial tone has the same 
significance in the dial system as th» operator's 
"number, please** in the manual systim. Theii>» 
the ■ calling party, instead of giving the desired ' 
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number verbally, diais each digit of the line 
number. When the number is dialed, the con- 
nector completes the connection aixd% automati- 
caiiy applies ringing cunent to the called line. In 
the manual system the operator connects the 
v^ailing cord to the desired line and connects 
riH§ing current. In both systems, howevtf^. bat- 
tery^ current must be connected to the called 
line.; This connection is made automatioiiiy in the 
dial system and in the manual system when the 
operator releases the manually operated ringing 
swuch. 

4-7. In. figures 1 1 and 12 you can' see that 
each terminal bank of the switch has 10 rows 
of terminals with 10 terminals per row. These 
rows are numbered from the bottom to the top 



wifh the numbers 1 through 0, the 0 taking the 
place oi 10. Also, the terminals in each row arc 
numbered from ieft to right with the numbers 
1 through 0. These row and terminal numbers 
combine to form a number for each terminal in 
the bank. For example, the telephone >hown in 
the upper ieft corner of figure 12 is connected 
to terramai 91. The number 91 indicates that 
the phone is connected to the Isc terminal in the 
-9th row. \s another, example, the telephone 
shown in the lower right corner ot tigure 12 is 
connected to ihe 0 terminal in the 2d row; thus 
its number is 20. When a switch (such as the 
connector switch shown in tigure 12) is dialed 
by the calling telephone, the wiper moves up- 
ward in response to the first digit dialed and 
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Figure 12. Simplified diai s^-stem. 



then to the right in response to the second digit. 
Thus the dialing 00 iato the connector switch 
{ tlgure 12) would place the wiper in. the posi- 
tion showti, 

4-8. XY System, T^e XY system is similar in 
operation to the step-by-stcp system. The main 
difference between these systems is in the .type 
of stepping switches used. With the step-by-stcp 
system the switch operates in an upright position 
with the wipers stepping first in the vcnicai di- 
rection and then in the horizontal direction. With 
the l^Y system the switch wipers step in two 
directions on the horizontal plane. First, the 
switch is Skcppcd in the X direction f the direc- 
tion designated as east on a mapT and then in 
the V direction ( the direction designated as nonh 
on a map). The XY switch has 10 rows of 
bank contacts with 10 pairs of contacts per row/ 
Thlis by stepping in two directions the XY switch 
can make a chosen connection out of a group 
of U)0 possible connections. 

4-9. The stepping of /fiX. XY switch in both 
the X and Y. directions /fs cohtrolled by electrical 
impulses generated by the dial on the subscriber's, 
tdephone. For example, if the subscribe ' should 
dial ihc number 48. the switch would tirst take 
4 steps in the X direction and then 8 steps ih 
the Y direction. 

4-!0, Crossbar Syste'sn. The crossbar switch is 
:he basic component of the crossbar system, the 
fundamental crostfaar design has horizontal strips 
crossing vertical strips at right anglj^s- Contacts 
placed at the intersection of these strips es^abiish 
a connection. A magnetic impulse counter, which 
is fundamentaiiy a relay with ten 2-stcp arma- 
tures, is used to store, to time, and to properly 
sequence the crossbar system, 

4-^11 , AikRelty System. The ail^relay system 
hps groups of relays which progressively j^ep the 
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call. Opcratixig algae, in "response to current 
pulses fr^ the calling telephone dial, these relays- 
«iai£e the telephone connection from a calling 
telephone to any called telephone in the system. 
Instead of the eicctroraeohaoical switches.' such 
as those used in the step-by-step systeip, the 
ail-relay system has eleciro-mapietic switches. 

4- 12. Without proper telephone connections 
and operation, of coufse. automatic systems will 
not function. The . telephones which control, the 
central office switching equipment arc therefore 
very important. 

5. The Dial Telephone 

5- 1. The dial telephone set consists of pans 
necessary for the reception and transmission of 
ipcech.-for signaling, and for controlling the ten- 
tral office switching equipment. Part' .-x' of figure 
13 shows the circuits of 'a typical dial telephone 
used with dial central offices. 

5-:. Refer to part A of figure i3 and notice 
that the cradle switch of the dial:teiephone set is 
in the talking position. That the handset is 
,off the crad'lfc^ switch, permitting tl^e switch to 
"\-iose the !o<Sp, of the calling telephone. The dial 
pulse springs arc shown in their normal closed 
position. Their purpose, is to open and close the 
calling, line loop each tirfie the dial returns to aor- 
mai. When the pulse springs open, they inter- - 
rupt the direct cui««nt^6wing through the loop. 
Pan B shows this lQpgE.jrptilsing circuit). The rfc- 
suiting pulses. -or interruptions in the current of 
the calling line loop, operate the switching equip- 
ment in the centrtii office to extend conations 
from the calling telephone to the called. teleVhooe, 
The dial poise springs open and cidse >,rcak 
and make contact) as many limes as (he sumber 
dialed indicates, with the exception of the digit 0 
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which is an abbrtviatioQ fc^ 10; that is^ the dial 
pulse springs open and dose 10 times in response 
to tixt dialing oi digit 0, It^the digit S is dialed, 
Lhe pulse sphagt open and close S timi» is 
quick succession. 

5-3. The shunt springs of the dial are shown 
in their initial open posiUon because the dial 
in part A of figure 13 is not operated. When 
the dial is in the otf-nonn^ or rotated position 
(see part B of Qg. 13)i the shunt springs close 
and shunt out the receiver and transmitter so that 
they will not interfere with^the piilses transmitted 
by the dial over the loop 43^ the calling telephone. 
Shunting of the receiver dtuing dialing prevents 
the dial pulses "from causing clicking sounds in 
the receiver Shunting of the transmitter improves 
the pulsing circuit by disconnecting the variable 
resistance of the transmitter during dialing. The 
shunts on the receiver and gansmitter are re- 
moved when the springs return to their normal 
open position each time the dial comes to rest 
in its normal position. 

5-4. The ringing circuit in part C of figure 13 
consists ot the springs of the unopcrated cradle 
swiich. the ringer (beil). and the 0.7-microfarad 
capacitor. During ringing, ih^ capacitor permits 
alternating ^ rmging) current to flovv* through 
the tcicphonc but blocks the flow of direct cur- 
rent. NVlien the handset is lifted from the cradle 
sH-!tch. the capacitor and ringer ti^t disconnected 
from 1 path directly across the loop of the tele- 
phone and the capacitor is cpnnected to the dial 
ptiise sprn»gs to ser%T as a spark suppressor (to 
prevent cxcv'ssivc sparking or arcing at the con- 
tacts of the puJse springs). The 4-iaicrofarad ca- 
pacitor in tht talking circuit (part D of fig. 13) 
improves the transmission efficiency of the tele- 
phone. The thrr rewinding induction coil (wound 
on a lammated iron core) performs three func- 
tions: 

a. Couples the receiver and transmitter to the 
loop 0' the telcphone- 

b. Increases the efficiency of transmission by 
boosting the voice frequency currents de- 
veloped by the transmitter. 

c. Minimises sidetonc. Sidetonc is the sound 
ot one's own voice in the receiver of a 
re}ephonc. 

5- 5. The talking circuit consists of a transmit- 
ter, a a-ceis'cr, an mduction coiL a 4-microfarad 
capacitor^ and the dial impulse springs. These cir- 
cuit components are used for both the a'ans* 
mission and reception of speech. 

6. The To uch^Tooe | Te le phu oe 

6- L Since manufacturers often desire different 
i4i«ntifying terms for the equipment they develop. 



you will find that the same function la tele- 
phone systems is accomplished by two equipment 
units which have dilferrat names. To illustrate, 
a dual<oiu^ mukifrequenQr (DT^ID key set does 
the same job as a touch-tone muldirequency 
(TTMF) subset- The key set may have more 
butt£ms and be used with a different system, but 
your depression of the pushbuttcms prodixces the 
same results. 

6^2. A touch-tone dial keyboard is illustraied 
in figure 14 A, ^Although it has 12 pushbuttons, 
there ' are subscriber sets with 10 and 16 push- 
buttons. The pushbuttons identified as P and C 
are tised for spednl service signaling. For ex- 
ample, a conference connection betwera sev- 
eral stations could be made whil^* using the C 
pushbtutotL This type subscriber set has an osdl- . 
lator which has several t^ped terminals. (An- 
other set may have a numbK^ of small solid state 
oscillators.) Figure 14B, identifies the TONE 
MATRIX- Depression of each touch-tone push- 
button crises two tones to be connected to the 
telephone line. To illustrate, each pushbutton in 
figure 14B, is represented by a circle and a digit. 
.A depressed 7 pushbutton connects the tonea. 
852 and 1209 to the line. Figure UB; shows the 
low frequency (852) at a horizontal line and the 
high frequency (1209) at a vertical line. Using 
this arrangement^ what frequencies are placed on 
the line when you press the touch-tone push- 
button 0? Yes, the low-frequency 941 and the 
high-frequency' 1336 tones are connected to the 
line! The calling subscriber will hear these tones. 
In time he will recognize the fact that he has 
made a good or bad selection by listening to the 
tones- 

6-3, Telephone systems must be compatible. 
That is. each system must be able to operate 
with ail other telephone systems. The specialized 
telephoue equipment likewise must function in 
this manner. To make this performance possible. 
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equipment has been developed for use with step- 
ping and crossbar" systems. This equipment must 
accept signals from two-way circuits and trans- 
form tfatfm 10 pulses that are usable in the regu- 
iar leiephcae switching equipment. Similarly, sig- i 
nulii^ trom a rotary diai and a sih^c pair must 
be usabie m the switching center. 

6-4, A lifted handset may do several things. 
You may see it operate a relay in ihe line equip- 
ment of Che switching center. This is the normal 
response in a regtilar switching center In the 
^specialized equipment' system, a receiver (elec- 
tronic unit) is operated. As a r«uit, dial tone 

returned to the calling subscriber This dial tone 
is .provided by the selector of the telephone 
switching equipment or by the Receiver of an as- 
scKiatc electronic unit. Abo ihc lifted handset may 
sjgnai an operator at a switchboard You can 
see, then, that the equipment that responds is de- 
termined by the system installed 

6-5. You know that following your reception 
or diai tone, you dial the selected nimibcr The 
operated rotary diai pulses the dialing relays of 
the selector and the connector in a regular tele- 
phone system. The same relays can be affected 
when electronic equipment changes TTMF origi- 
nated tones to pulses. In this case the tones op- 
crate a de%ice in the electronic equipment which, 
m ram. sends pulses to the incoming selector. 

6-6. In another arrangement the electronic 
equipment Xinic at the switching center accepts 
rhe two tones from a DTMF key set and cither 
scndi them in that form to a second electronic 
unit or transforms them to logic information tor 
mnher use in the electronic equipment, NOTE: 
Logic information for our purposes refers to a 
>ccond type of electronic signal. Following arrival 
cA rhe rones at the electronic switchitig equipment 
.md their transformation jn this equipment, pulses 
jre >cnt to the succeeding electronic equipment. 
These pulses give the same result as does the 
duplicate digit trora a rotar\^ dial; they pick the 
ime of Ihe called jjarty. 

. An incoming call to a PABX is processed 
b\ rhe opcrcitor. The call may be forwarded as 
tone signaling or pulse signaling. -^It may be com- 
pleted by an electronic telephone system or on 
.•iectromcchanicai system- Remember, if the call- 
ing station IS a rotary dial station on a two-wire 
line, the connection with the called two-wire sta- 
non w completed with the familiar electrome- 
chanical methods. A connection to a touch-cone 
v-ailed station requirc| signal conversion for call 
compietion. * 

6-8. the conversational circuit betvy^tjn a call- 
■ng rotarv dial station 3nd a called touch-cone sea- 
tion requires conversion by rhe electronic Switch- 



ing equipment. Vice versa, the transmitting, circuit 
between a calling touch-cone station and called 
rotary dial /station also requires signal conversion. 
Units that provide signal conversion arc referred 
to as **intcrfacc equipmeat" 

6- 9. AH telephones pennit a subscribet to ac- 
tuate equipment in a switching center. Although 
the operation of the subset rnay be different, the 
end result is the same. We will now describe a 
sample operation of telephone switching equip- 
ment, . 

7. Control of S\^t^clliI^{ Equipment 

7- 1. Shown in figure 15 is a simplified sche- 
matic diagram of the subscriber's dial and its 
relationship to the central ofHcx equipment. You 
will understand how it operates when you have 
read the following paragraphs disctissing seizure, 
dialing, and release* 

7-2. Seaizre. When the subscriber removes his 
handset from the cradle of the telephone, the 
hookswitch operates and completes a path tor 
current which extends from ground through the 
upper winding of relay A, the hookswitch, the 
pulse springs, and back through the lower wind- 
ing of relay A to the battery and ground. Relay 
A operates to close its make contacts and com- 
plete a path for current through the winding of 
relay B ;ind the make contacts of relay A to 
ground. Relay B operates to prepare an operat- 
ing path for the magnets. The path to the mag* 
nets is open at the break contacts of relay A. 

J-3. Dialing* The subscriber pulls the f'nger 
plate around to the finger stop, If he places his 
finger in the finger plate hole above the numeral 
2 and pulls the plate around to the finger stop, 
then when the finger plate is reieast:d there arc 2 
pulses, or interruptions, of current in the operat- 
ing circuit of relay A. These pulses or current are 
lisied below as breaJ* /.d make. Break and' make 
state the condition of the dial pulse springs. The 
break condition exists when the pulse springs are 
open, permitting no current through relay A, 
which causes it to release. In the make condi- 
tion the pulse springs are closed; this lets cur- 
rent through the relay A circuit and causes it to 
operate. 

7-4. As the subscriber dials the numeral 2, 
the following sequence of events takes place: 
J. 1st Break 

{ I ) Relay A releases. 

ta^ Opens the circuit to reiay B. Relay 
B does not reiease during pulsing as it 
is a siow-to-release reiay.) 

f h I Closes the operatmg circuri to the 
magnets. 
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(2) Mlagfuts opefxue. (Mtgpet operation 
causes a sicp-by-stcp « XY switch to 
move its wipers one step,) 

b. Ut Make v \ 

(1) Rtlay A napwrcUf. 

(a) Opens the oirciiis to the magnets. 
(bi Qoses the circiiit to relay B. 

(2) Magmts rtl€U5€. 

c. 2d Break 

( 1 ) Relay A rr/f ««• 

(a) Opens the circuit to relay B, 

(b) Coses the drcuit apin to the magnets. 

(2) Magnets rtoperate. (Steps the switch 
. one more step. ) 

d. 2d Make 

( I ) Relay A reoperates. 

(a) Opens the circuit to the magnets. 

(1) Closes the circuit; to relay B. 

(2) Magnets release. 

7-5. When the subscriber dials a larger num-, 
ber, there arc more breaks and mak^, operating 
and releasing the magnets more times* For exam* 
pic, if the digit dialed is 6, there are 6 breaks 
and makes, operating and releasing the magnets 
6 times, which in turn step the switch 6 times, 

7-6. Release, When the subscriber hangs up 
(places the handset on the cradle switch), the cir- 
cuit of relay .A is opened. Relay A releases and 
opens the circuit to relay B which, after a delay, 
also releases. 



8, Tekphoae Dial C<mstnictim^ 
OpentkiB, wmd Wirisg 

S-L The telpeh^e dial shown in figure 16 
is a part of the telephone set We saw that it is 
the unit the subscriber uses to control the cen- 
tral office switching equipment. It is a pulse- 
sending devi<x, or drcuit interrtipter. operated 
by the calling subscriber. 

8*2. Dbl Ccmstnictioa. Although the dial 
shown in figure 16 is not of the most recent 
design, it illustrates the basic parts of a typical 
telephone dial. As shown in the illustration, the 
dial consists of the* following basic parts: num- 
ber plate, &!ger plate, finger stop, mounting 
plate, pulse cam, pulse spring assembly, shunt 
spring assembly, shunt cam, heiical restoring 
fprin^ ratchet drive mechanism axid governor 
assembly- ^ 

8-3, Number pkue. The number plate contains 
the numerals I through Q. On the metropolitan 
dial, the letters of the alphabet are included, 

S-4. Finger plaie. Jhe fing» plate contains 10 
holes equally spaced. When the dial is at normal, 
each hole is located over one of the nmerals on 
the number plate. The Snger plate is operated 
by inserting the index finger into one of the 10 
holes corresponding to the digit to be dialed. 
Then the finger plate is pulled in a clockwise 
direction until the finger hits the finger stop. 
When the fin^r plate & released, spring pres- 
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sure puils it back in a countcrdocicwisc direc- 
tion and causes the puise cam to operate and 
send out a number of pulses corresponding to 
the digit dialed. The dial card is attached to the 
finger piatc and usually contains the telephone 
oujpbcr 01' the subscriber's telephone. 
''s-S. Finger slop. The finger stop is a metal 
projection that extends over the surface of the* 
finger plate to stop the finger during dialing. 
This insures that the movement of the finger 
place is stopped at the same position every time, 
8-6. Mounting plate. The mountmg plate is a 
shaJlow metal cup to which ail of the dial parts 
are attached. It is a means for mounting the dial 
to the telephone. 



Pube cam. The pulse cam is a twolobed 
cam which actuates the main puise spring. The 
cam is driven by the main drive gear as the 
finger place returns to normal. 

Pulse spring assembly. The puise spring 
assembly consists of two contact springs and a 
back stop. The pulse springs are actuated by the 
puise cam, 

8-9. Shtmt spring assembly. The shunt springs 
(sometime calJcd off •normal contacts) arc placed 
on the dial to shunt out the receiver and trans- 
mitter , duriiig the pulsing period. The shunt 
sprmgs are held open by the shunt cam when 
the finger piatc is at normal. As ^ioon as the fin- 
ger plate is moved off normal, the shunt cam 
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causes the contacts to close until the finger pfaie 
again returns to normal, 

8-10. Shum cam. The shunt cam is a two 
lobed brass cam mounted on the end of the 
mam dial shall. One lobe of the cam actuates 
the shunt spriqgs; the other iofac moves the pulse 
springs away from the puise cam alter the last 
pulse to give a time delay between the last pulse 
oi one digit and the first pulse of^he next digit. 

S-IL Helical restoring spring. The helical re- 
storing spring attached to the main drive gear 
shatt luniishcs the power to operate the dial 
dunng the pulsing period 

S' 12. , Ratchet drive mechanism. The ratchet 
dnvc mechanism consists of a pawl and ratchet 
gear attached to the main drive gear. As the fin- 
ger piatc is operated, the pawl clicks ovdr the 
ratchet teeth so that the pulse cam and gover- 
nor remain at rest. As soon as the finger plate 
is released and tegins to restore, the pawl en- 
gages one of the ratchet teeth and scts^ the dial 
mechanism mto motion. 

On later model dials using the friction 
type pawi silencer, the pawl is lifted away from 
the ratchet seeth as the dial is moved off normal 
and does not drop into engagement with the 
ratchet leeth until the finger plate is released. 

S*I4. Governor assembly. The dial governor 
automatically regulates the speed of the dial pulses 
to msure uniform response of the central office 
-^witching equipment. The pulsing speed of a 
properiy adjusted dial is 10 pulses per second. 
The dial timing must be highly accurate to allow 
the switching equipment to function. Proper gov- 
ernor scnmg insures that the pulses are sent at 
:he correct <peed. The acceptable speed for the 
dial most used in todays telephone is 9 to II 
pulses per second (pps), 10 pps would be pcr- 
rec:. 

^-15. When performing an operational check 
a telephone (bench repair or trouble report) 
ind you >uspect dial trouble, you should call the 
:cs: ^oa^d tor a dial check. The central office has 
:!:e test equip^nent to check the speed of the dial. 

Operation. In general the operation of all 
dials IS similar. When the subscriber wants a num- 
ber, he piaces his finger in the hole in the finger 
plate that corresponds to the digit to be dialed 
and then turns the plate in a clockwise direc- 
tion until his finger hits the fhiger stop. This 
:urning wmds the dial drive spring and operates 
the dial ihunt contacts. The dial is then ready 
to function. When the subscriber releases the 
finger plate the drive spring returns the mech- 
anism to the unopcratcd position^ While the 
rriL-chanism is returning to this pofit4on. the puise 
cam operates rfae pulsing springs, opening and 
-'iosing the pulsing circuit the same number of 
rimes as the number of the digit dialed. As the 



ERIC 



finger pfaie reaches its unopcrated positioo, the 
shunt ccKJtacts return to their nonnal position. 
Furtiwrmorc^ as the fiaget plate returas to its 
normal p<mtiaa« a goveraor controls the return 
speed — thus detcmuniiig the rapidity of the puls- 
ing operation. 

8- 17. Operattonai OifferenMs« Although many 
telephone dials arc constructed differently, the ' 
pulsing springs on all dials perform in approxi- 
mately the same manner. The main difference be- 
tween the different types of dials is in the 
operation of the shunting spring contacts- To ob- 
serve this difference m shunting spring operation 

" and to further your studies of dials and dial 
wiring, refer to the schematic diagram in figure 
17. 

d-18. Dial Wiriag. The heavy lines in this 
illustration indicate the path of the dial pulses- 
Note that when the dial contacts between springs 
3 and 4 are operated, they short circuit not only 
the transmitter but also the primary winding of 
the induction coil. Short circuiting the primary 
winding reduces interference between the tele- 
phone and any nearby radio equipment during 
the dialing period; it also reduces the dialing cir- 
cuit resistance. Also note that the dial contacts 
between springs 5 and 6 (fig. 17) open the re- 
ceiver circuit when the dial is moved off normal 
This is directly opposite from the circuitry shown 
in figure 13, where the receiver circuit is shorted 
by the shunt springs. In figure 17 the pulsing 
contacts ( i and 2) are always closed except while 
the dial finger plate is returning to normal. When 
a digit is dialed on this teiephone, the pulse 
cam causes these contacts to open and close 
while the finger plate is returning to normal. 
The number of times that the contacts open and 
close corresponds to the number of the digit 
dialed. Thus these contacts pulse the line circuit, 
causing current surges that control the swuchmg 
equipment at the central office. 

9, The 500-Type Telephone 

9- 1. The subset that is most widely used 
throughout the Unned States is the commercial 
500 telephone. .As mentioned in Chapter U this 
telephone was adopted by the Army and Air ^ 
Force as the standard teiephone tor both ser- 
vices* 

9-2. .Although the 500-ts'pe teiephone is manu- 
factured by most of the major telephone equip- 
ment manufacturers, there are only two such 
instruments in which the parts and circuits are 
identical. The 500- type telephones manufactured 
by Western Electric Company and by ITT-Kel- 
logg are identical. They use identical parts and 
wiring, and ail of the parts are imerchongeabie. 
\\*hen we speak of the 500 teiephone, we are 



Figure 17. Dialing circuit schematic. 



refernng to the identical instruments made by 
these two companies. With the knowiedgc gained 
trcm vour previous studies as well as from this 
part ot the text, you should have no troubie in 
undersnnding the operation of any of ihc 500- 
t>pe instruments. 

9-}, The 500 telephone. lilu:itratcd in figure 
IS. is or the [ypc that is commonly used at the 
present tune. As you can sec in ti^ illustration, 
ih^ part identified as the fmger plate in figure 
1 6 MS called the diai wheel You should also 
obser%'e. that the dial numbers and letters are lo- 
caccd on a plate' outside the diai wheel rather 
than under it. To explain this telephone more 
thoroughly, let's first discuss its components and 
construction, and then its circuits and operation. 

9-^. Com{XH»fiis« The major components of 
the 500 telephone arc basically the same as those 
dcscnbed previously. They consist ot a handset, a 
telephone housing assembly, a handset cord, and 
a mounting or deskstand cord. The handset is 
'jhorter than the older lypes^ — thus placing the 
transmitter closer to the speaker's mouth dunng 




Figure 18. 500 type tciephofic. 



operation. The handset cord ua^ four conduc- 
tors, two for the uransmincr and two for the re- 
ceiver. Remember thai the older handset ^rd 
uses three cohcfUiion; one for the receiver, one 
tor ihe tnuxsmitter. and one that is common to 
both the transmitter and receiver. 

9-5. For a telephone to operate in on auto- 
maticNsystcm. it must have the same basic parts 
as described previously. It must have a trans- 
mitter. a receiver, a hookswitclj. a ringer, a' diaU 
^ an induction coil, and a capacitor. All oi these 
parts arc necessary iLth^ telephone is to operate 
»jatisfactoriIy. Althoujpi these parts^arc designed 
and arran^d differently, the 500 telephone uses 
ail of them plus some additional ones to improve 
its operation. To* explain the parts used in this 
telephone, let s consider them individually. 

9-6. Transmitter, The transmitter used with the 
500 tciephonc is illustrated in figure 19. Although 
this transmitter looks like the older type of carbon . 
transmitter, its operation has been greatly im- 
proved. One of the main improvements in this 
transmitter is a special treatrflcnt of the carbon-, 
granules, which provides continuously a more 
uniform contact and thus on improvement in the 
qualuy ot transmission. .Also, the carbon cup and 
diaphragm electrode are shaped so that the car- 
bon granules cannot fall into a corner and pack, 
and the transmitter may be us^d in any position. 

9-"^, The method used in mounting this trans- 
muter in the handset is also different from the 
cider methods of mounting. In figure 19 you wiir 
nonce a plastic cup mounted in the handset 
opening just below the transmitter unit* The 
transmitter conductors from the handset cord are 
connected to the lower side of the plasuc cup 
by . scrc%v-type termmals. These termin*i!s extend 
ihrough [he plastic cup. to spring contacts which, 
in turn, arc engaged with silver contacts on the 
lower side of the transmitter unit. Thus when the 
cap that holds the transmitter unit in place is 
unscrewed, the transmitter unit can be lifted off 
the spring contacts, facilitating the removal atld 
repiacement^f the transmitter unit. Besides being 




Figure 19, Transmitter for 500 telephone. 
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^ Figure ^0 lieceiver for 500 leiephone. 

a mounting for the transmitter unit, the plastic 
cup, performs oxher imponant functions in the 
handset. First, because of its shape, it forms a 
controlled acoustic cavity back of the transmuting 
unit. Second, the cUp provides an acoustic shield 
'between the transmitter and receiver. If it were 
not for this acoustic shield, the sound vtould 
travei through the hoiiow handle of the handset 
from the transmitter td the receiver and xice versa, 
with an adverse affect on both transmission and 
reception- 

9-8. Receiver. The receiver used with the tele- 
phone is illustrated m figure 211 Nota that thjs 
receiver is constructed with a ring mugnet that 
greatly improves its operation. Also. \Vith its dia- 
phragm constructed in a dome shape the re- 
ceiver is much more efficient and has ;^ greater 
frequency response than the older receivers. Be- 
cause this receiver is so effit^ient, a varisior is 
connected across the terminals to protect the user 
from high acoustic levels that may be caused by 
stray electrical voltages entering the telephone 
circuit. The vainstor also protects the receiver 
magnet from being demagnetized by such stray 
voltages. You should also note while looking at 
the illustration that the receiver conductors from 
the handset cord are connected :o the receiver 
unit by terminal screws. Thus it is necessary to 
disconnect these terminals before you can re- 
move the receiver unit, 

9-9. Hooksy^f^tch, Rivets attach the hookswuch 
mounting bracket to the telephone base plate. 
The switch assembly with its protective piastic 
housing is attached to the mounting brncket in 
a manner that facilitates the operation of its con- 
tacts by a switch control lever. Operation of the 
switch is illustrated in figure 21. This illustration 




shows the contacts ia two poiiticas. la the upper 
part of the iljustration they are in ihe position 
they assume when the hand^t is in piice on its 
cradle — in the lower part of the illustration they 
are in Che pisition they auume when the hand- 
set is lilted from itt cnidie. 

9-10. In the iower part of figure 21, the con- 
tacts age identified alphabetically by the letters A 
through G. These letters also apply to the con- 
tacts in the uppir part of figure 21. As you will 
see "later, these letter* are used in schematic 



drawings to identify the hookswitch contacts. 
In the upper part of the illustration, contacts F 
and G are closed to shon out the receiver when 
the handset is in place on its cradle. Also the 
line to network contacts (B to C and O to E) 
are open whed the handset is in place. There- 
fore, except for -the ringer, the te!ephon«: com- 
ponents are disconnected, from the line whenever 
the handset is on its cradle. 

9-U. Now when you examine the lower por- 
tion of figure 21. you will see the position of the 
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Figure l\ 50O telephone hookswitch. 
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coatacis when ihe handset is removed from its 
cradle. la this posilion. the shonmg contacts (F 
aadC) are open— thus removing the short from 
the receiver circuit. .Also, the line to network con- 
tacts (B to C and D to E) are closed to connect 
the fine to the network and telephone circuitry. 
The ringer to line contacts (A to B) are open. 
It should be noted, however, that the ringer lead 
to contact .\ is not normally used in the ringer 
circuit. U IS used only for special types of service. 

9-12. Ringer. The ringer used in the tele- 
phone is Ulustrated in figure 22. The components 
of this assembly include a ringer frame, two 
rmger coils wound on one spool, a coU core, twc 
permanently mounted resonator shells, two brass 
gongs, a biasing spring, an armature stop rod. 
and a ringer loudness-control arrangement. 

9-13, The rmger parts arc attached to the 
nnger frame and the entire assembly is mounted 
on the telephone base plve. The loudness-con- 
trol feature is made access .bic to the user by a 



knurled section on a control wheel that extends 
through a rectangular slot in the base piate. The 
entire nnger can be replaced as an assembly; or 
the ringer coil, coil core, and brass gongs can be 
replaced individually. Other than these, the rincer 
parts are not replaceable at any maintenance 
level. As you can see in figure 22, the biasina 
spring tension is determined by placing the sprina 
in one of two notches on 'the biasing spring 
bracket. One notch provided high tensions and 
the other notch low tension. If it becomes neces- 
sary to remove and replace the ringer coil, vou 
must use care to maintain polarity of the cqj] 
core and permanent magnet. If the permanent 
magnet becomes discharged, it must be remag- 
netized before the ringer can be used. One rea- 
son (or this is that the ringer operates with two 
coils wound on one core to form one electro- 
magnet. The permanent magnet must furnish mag- 
netic force normally furnished by a second elec- 
tromagnet on other ringers. 
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9-14. Did, Figure 23 shows a rear view of the 
dial assembly, for the tdepfaaoe. In ihis illustra- 
tion, the proiective housing hsi» been removed to 
provide a better view of the p^rpL As you can sm 
in die iiittstfatuHi, ihis ditl hit ^askaily the same 
parts OS those discussed previously but they are 
constructed and arranged differently. The dial 
contact springs, molded in a block of insulating 
maccriai, have attached leads that are equip{^ 
with spade tips to facilitate their coimection. 
When the telephone is ass^bied these dial leads 
ore connected to ^rew terminals on the net- 
work tenninai board. There arc?^ only two pairs 
ot contact springs provided (m this dial^ one pair 
for pulsing, and the other pair for shott-circuit* 



ing the receiver winding when the dial is in the 
off-normal position. You should note that while 
these springs arc called "shum contacts" in figure 
23, they ape also caiI^ die ""df-normal coataos" 
In many diagrams and drawings. * 

9-15. When the dial is completely assembled, 
the mechanism is protected by a plastic housing 
that covers all the parts except the spring ter- 
minal leads. When the telephone is assembled, 
the dial assembly is mounted on a dial mounting 
bracket hvetetl to the telephone base plate, 

9-16. Network. In the previous paragraphs 
we discussed the transmitter, receiver, hookswitch, 
ringer, and dial. These are only five of the seven 
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compotieats which arc neeesstry tat (bxs opera* 
tioa of a aiodcfa Jclef>hoi»- Thsr oiher two com- 
pcnencs are the induction coil and capicitor. The 
induction coil and c;^)acitor, however, are sealed 
into a Qctwork assembly in the telephone. There- 
fore, we will cover these two items in our dis- 
cussion of the network and circuits. 

^-17. The network assembly for the telephone 
is shown in figure 24« Its parts are mounted in a 
metal container with their leads brou^t out to 
terminals on a plastic terminal boi^d. In addition 
to the induction coil and ringing capacitor, there 
are three other capacitors, three rcsiston, ,and 
two varistors contained in the network assembly. 
In the construction of this assembly, the parts 
are assembled and placed in the can, and then 
the remaining air space in the can is filled with a 
moiiture-proof sealing CMipound* Thii procedure 
seals thci network so effectively that very little 
trouble is experienced with this part of the t^^ 
phone. 

9- IS, As the telephone is assembled, the net- 
work iS riviitcd to the telephone busc plate. When 
a part of u^c network goes bad, it is the usual 
pracrce to replace either the network or the tele- 
phone. Normally the telephone \is replaced for 
the customer and then the old telephone is taken 
:o the shop where it is repaired by replacing the 
network assembly. It shoiild be mentioned, how- 
even that in some cases when the ringing capaci- 
tor goes bad, it mav be corrected bv installing a 
special capacitor on the outside of the network. 
To give you a better understanding of the net- 
work, we will discuss its internal circuits along 
with the circuits used in the 500 telephone. But 
before we discuss these circuits, let's bnefly con- 
•^idcr the arrangement of the telephone compon- 
ents and parts. 




Figure 24. 500 telephone network i:kscmbiy- 



9-19. Ammgtment of parts on tite base plate, 
Fifure 25 is an iUustratioa of the tekphonc as* 
sembiy with the housing removal Note the lo* 
cation of the various parts. The dol is mounted 
on a bracket at the right of the illMration, The 
hoqkswitch, with its arms e.\tended out over the 
other components, is mounted next to the dial. 
The ringer and network, asseidbiies are aiso 
plainly visible. 'You can see where the handset 
and mounting cords are held by metal fastening 
devices at the 'edge of the telephone base piate. 

9-20. Circuits, The circuitry of the 500 tele- 
phone may be divided into five circuits as fol- 
lows: ringer circuit, transmitter circuit, receiver 
circuit, dial circuit, and antisidctonc circuit. These 
circuits are all included in the wiring diagram ih 
lustrated in figure 26, which is actually a complete 
schematic wiring diagram for the SOO telephone. 
Before we discuss the five circuits, however, there 
arc several points that should.. be made clear in 
respect to the wiring diagram. First of all, the 
network parts and terminals are ail shown inside 
of a dotted line on the diagram. The tent)inals, 
with their identifying letters and numerals, arc 
shown in the same relative positions as they ap- 
pear on the network itself. For the purpose of 
explanation, the internal parts of the network 
have been identified with letteers and numerals 
in the illustration. For e.xampie, the primary wind- 
ings of the induction coil are identified as PI 
and P2; the secondary windings are identified as 
SI and S2, The resistors are identified as Rl, 
R2, and R3; the capacitors as CI, C2, C3. and 
C4; and the varistors as CRl and CR2. VVe point 
this out because in maliy diagrams the network 
parts arc not identified: probably because they 
are not replaceable as individual parts. However, 
when it is necessary to identify the network parts 
in a diagram, the identifying symbols as shown m 
fig-'^-e 26 are normally used, 

9-21. Now observe the conductors at the up- 
per right of figure 26 identified as T and R, The 
T and R stand for tip and ring, as was explained 
in the resident course. Tip and nng. as >ou may 
recall, refer to the lines from the central cfiice. 
the names coming from the parts of the jack and 
plug j^sed on the nmnual common-bauery ^tvitch- 
ho'dtfi. The ring side of the line 4S always con- 
nected to negative battery a: the central oifiwC 
and the tip side is connected to positive battery 
and ground- Thus, in, respect to the battery cur- 
rent furnished to the modem telephone, the r;ng 
side of the line is negative and the tip sid^* of 
the line is positive. The tip side of the line is 
connected to ground ai the central oftice except 
during the ringing period in certain types of ring- 
ing systems. (This feaiure will be further 
plained along wuh ringing systems in a !jt^r vol- 
ume.) 
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9-22. NVhcn i ground symbol U used cn a tele- 
phont scfaonauc it usuilly meoxis a commoa con« 
ncction to positive battery. If an ewth ground is 
intended, it is usually ^ muked on ttse ditgram. 
This applies co the grauiyi used dudng tek^brae 
ii!istailmion« such as the, connectioo to a water 
pipe, a ground rod, eta 

9-23. Before we discuss the circuits ot the tele- 
phone, let's briefly mention the identification of 
the tip and ring sides of the line. To provide an 
^easy means of locating the two sides ol the line at 
connecting bioclcs and terminals, it became the 
custom during telephone installation to always 
connect the ring side of the line on the righNhand 
tcrminai and the tip on the left Also it became 
a practice to use red and grera wires inside of a 
house . to connect the lines to the telephone. 
These same colors are still used today. The red 
wire is. used for the ring side 6f the line and 
the green wire is used for the tip. This brings 
up a term that is frequftilly -used by telephone 
installcr-repairmen. The tcmi is: **RED-RING- 
RigHT;* The RED wire is the RING conduc* 
tor and it is connected on the RIGHT. In ad- 
dition, the RED wire is connected to battery and 
it is negative ia respect^ to the tip or ground. 
Now that we have disciisscd the wiring leading 
up to the telephone connecting block* let's con- 
sider the telephone circuits individually, starting 
With the ringer circuit. 

9-24. Ringer drcuii. As you study the circuits 
in figure 26. assume that the conductors are ex- 
icndcd frt5m the central office to thc-'tielepHone 
connecting block. With the conductors so con- 
nected, the central office can extend either bat- 
tery or ringing cunrat to the telephone. In figure 
26 the telephone mounting cord extends from 
terminals of the network to the connecting block. 
The green I CRN) conductor goes from the tip 
terminal at the connecting block to the H ter- 
oiinai on the network; the yellow i YEL) conduc- 
tor ffom the rip terminal to the G terminal on 
the network; and the -red (RED) conductor from 
the ring terminal on the connecting block to the 
L2 tcrminai on the network. 

9-25. The four ringer leads, as you can see in 
figure 26, are connected <o terminals A, K, G, 
and L2 on the network. By being so connected, 
the ringer circuit is always completed to the tip 
ind ring leads. For the central office to apply 
ringing current to the ringer, however, the, hand-' 
set must be on, its cradle to disconnect the tip 
und'nng leads from the transmit^ng and receiv- 
ing circuits. If you will take a dose look at the 
hopkswitch contacts in figure 26. you can see that 
contacts B-C and D-E arc open. Therefore the 
handset is on its cradle and the tip and ring leads 
are disctMtnecte* from the receiving and ^trans- 
mitting circuit. With the hookswiich contacts in 
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thii position* the only circuit that^s completed 
to the central office is the ringirfg circuit. To 
make this circuit, easy to trace, it U shown indi- 
vidually in figure 27, As we tra« the ringing 
current through this circuitry, see if you can fol- 
low the ringing circuit in both illustrations (fics. 
26 and 27). 

9-26. The ringing cunent- applied by the cen- 
tral office is norm^y an ac voltage o\ approxi- 
mately 85 volts with a frequency o( about 20 
cycles per second. Since the ringing current is ac, 
it alternates back and forth in the circuit, first in 
one direction and men m the other. For the 
purpose of following the ringing current, how- 
ever, let's assume that at the instant we arc trac- 
ing the circuit, the current is -leaving the central 
office on the ring lead and is returning to the 
central office -on the tip lead. Based on this as- 
sumption, the ringing purrent passes from the 
central office to the connecting block via the ring 
side of the line and then through the red (RED) 
conductor of the mounting coid to terminal L2 
on the network. From terminal L2, the current 
passes to the 2650-ohm ringer coil over the red 
(RED) ringer lead, throu^ the rini^r coil and 
the sJatc-red iS-RED) ringer lead to termmal 
.\ on the network. From terminal .A on the net- 
work, the current has the effect of pacing through 
capacitor C4 to terminal KL From tcrminai 
fhe current passes to the 1000-ohm ringer coil 
via the' slate (S) ringer lead, and then through 
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the nngcr coil and black (BLK) ringer lead to 
terminai G oa the aet^vofk« From cerminal G« the 
current passes over the ycliow (YEL) mounting 
cord lead to Use tip tcrmiaai on the connecting 
block, and theu it returm to the cetiira! office 
over the tip conductor 

9-27. Transmuier drcuit. Before the transmit- 
ting, receiving, or diaiing circuits can operate, the 
handset must be removed trosn its cradle* If the 
handset were removed from its cradle on the set 
ifiustrated in figure 26. the hookswitch contacts 
would change as follows: contacts A-B and F-G 
wouid break (open) and contacts B-C and D-E 
would make (cicsfe). In this action the break- 
ing of contacts F-G wouid remove the short from 
across the receiver, and the making of contacts 
B-C and D-E wouid cotmect the tip and ring 
conductors through to the telephone circuitry. In 
this condition, cunent would flow from the cen-^ 
trai office to the telephone transmitter via the tip 
and nng conductors. Let's trace the path of this 
current through the telephone transmitter circuit, 
9-2S. To provide you with an easier path to 
foilow. the telephone transmitter circxiit has l^en 
redrawn :n tigurc 28. However, you should have 
no trouble in tracmg the path of current in either 
o: the circuits illustrated (figures 26 or 28). 
When the hiuidsct is removed from its cradle, 
allowing the hookswitch to operate, ic from the 
central office passes over the ring side of the line 
to the connecting block and then over the red 
(RED) mountmg cord conductor to lerminai L2 
of the network. From terminal L2. it passes over 
the siate-yeilow (S-YEL) wire to the operated 
B-C contacts of the hookswitch and then over 
:he sUte-brown (S-BRN) conductor to tenninal 
C^on the network. From termmal C. it passes 
through induction cotl winding P2, resistor Rl, 
terminiii B: through the biack ( BLK) conductor 
^ of the handset cord to the transmitter, and then 
via the iraosmutcr and red (RED) conductor of 
the handset cord to terminal R on the network. 
After !:he current leaves terminal R, it passes 
^.through induction coil winding PI, terminal RR, 
/" green ( CRN) wire lead to the dial, the nor- 
mally closed pulsing contacts, and then via the 
biue (BLU) wire from the dial to terminal F on 
:he network. From tcrmmai F on the network, 
the current passes over the slate-white fS-WHT) 
wire io the operated D-E contacts of the hook- 
switch, through the contacts aid ,hc slate-green 
iS-GRN) wire to the LI terminal, and then over 
:he green ( CRN ) conductor of the mounting cord 
to the tip side of the line at the co|necting block 
From this point, the current returns to the posi- 
tive mde of the battery at the central office via 
:hc np side of the line. 

9-29, Note in figure 28 that the transmitter 
current Hows through both primary windings (PI ^ 



if 

and P2) of the induction coiL Also note that the 
current flows through these windings in opposue 
directions. That is, the cunent that flows through 
winding PI in one diirction flows through winding 
P2 in the opposite directiOBU Thus wth any cur- 
rent change in the circuit, these winding^ aid each 
other through the process of induction. Therefore, 
when someone speaks into the transmitter, caus- 
ing its resistance to vary, the chaxiging current 
values in the circuit cause strong voice currents 
to be induced in the indxiction coil windings. 
These voice cuxrents, besides being applied to 
the network circuits, are applied to the tele- 
phone lines leading to the central office. If these 
lines are connected through to another telephone, 
the voice currents are applied to the receiving 
circuitry of that unit. Before we trace these voice 
currents through the receiver circuits, let's brieily 
discuss the equalizing feature of the telephone. 

9-30. N\Tien voice currents are induced in the 
transmitter circuit, they pass through terminals RR 
and C of the network assembly. These voice cur- 
rents arc also applied to the tip and ring con- 
ductors via the circuitry of the dial, hookswitch, 
and connecting block. assembly {see fig. 28). By 
the same token, when voice currents are received 
by the telephone, they enter the circuitry over the 
tip and ring conductors and go through terminals 
RR and C via the connecting block, hookswitch, 
and dial circuitry. To keep the speech volume 
approximately equal at telephone sets located 
at varying distances from the central office, the 
telephone is equipped with an equalizer circuit. 
The equalizer circuit consists of two parallel 
circuit paths between terminals RR and C. One 
of these paths is through resistor R3 and varistor 
CR2 fsce fig. 28). The other path is through 
winding PL varistor CRl. and windings S2 and 
P2. These circuits tend to lower the volume 
wnen strong voice cunents are applied but 0('fer 
little opposition to the passage of weaker voice 
currents. 

9-3 L Receiver circuii. During a telephone 
conversation the voice currents from the di^ftant 
telephone are applied to i terminals RR and C 
en the network. These j^urrents. which are var\'- f 
ing in nature, pass through windings. PI and^P^ 
in a manner similar to that described for the 
transmitter circuit; As thes<? Varying voice cur- 
rents pass through windings PI and P2, thev^ 
induce an ac voltage in "^-vimlijig Sit This ir dated 
voltage in winding S4 causes current to tlu*^^ la 
the receiver m th^ handset. To trace this current 
in the reireiver circuit, refe^ to figure 26 while 
reading rfie foilc^ng paragraphs. 

9-32. The induced voltage in winding SI 
causes current to How from one cttd of the w'md- 
ink to termifial GN and then through a white 
iWHT) lead irf the handset ^cclrd to the receiver ^ 
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umt in the handset,, From here ii pz^cs through 
the receiver iinit and ctea to tctmnsU R on ihc 
nejwork vid sfidihcr white ^(WHT) lead in the 
handset coni FVom terminal R on the network 
Ch^rft are icm pos&ihic paths for the induad 
curreiit 16 reach its source at the other end of 
wmding SL The$c four possible paths arc as 
tdllows: 



( 1 ) From terminai R through series-con* 
nected capacitors C2 and CJ to winding SL 

(2) Frotn terminal R through resistor R2 to 
windiiig SL 

(3) From tenninai R tht^ugfa varistor CRl 
and capacitor CI to winding SL 

(4) From terminal R through the red (RED) 
handset cord lead, the transmitter* the black 



(BLK) hoQiiset card lead, cenninal resistor 
Ri, winding S2, and capacitor Cl to wladiag, 
SI. 

9-33. As the current from winding SI passes 
through the receiver unit, the receiver diaphragm 
vibrates, reproducing a soimd that is sixnilar to 
that entering the transmitter at ihe distant tele- 
phone. Thus we hear a sound that is sim*iiar to 
ihe party's voice as he speaks mto the transmitter 
ot' ihe distant subset. While the transmitter and 
receiver circuits arc t'rcsh on your mind, let's 
consider the antisidetone features of this cir- 
cuitry. 

9-34. Antisidetone circuit. As e:^plaincd pre- 
viously, the term sidetone refers to the sound that 
rea\:hes a telephone receiver from the associated 
•^ansmitter of the same telephone set. In other 
words, it has to do with how loud you hear your 
own voice in the receiver as you speak into the 
iransmittcr or your telephone. The antisidetone 
feature then, refers to the circuitry that reduces 
:he sidetone to a desirable icvel^ In the telephone 
the reduction of sidetone is accomplished by the 
balancing action of the components in the net- 
work. To understand this balancing action, you 
must remember that the network functions in two 
different ways dunng an ordinary telephone con- 
versation. First of all, when voice currents from 
the telephone linr ^'C applied to terminals RR 
and C, the nei functions as a receiving 
unit by applying strong voice currents to the 
roccivcr. Secondly/ when you speak into the 
transmitter, the network functions by applying 
<rrong voice currems to the Imc and at the same 
ume by reducing the strength of the voice currents 
to ihe receiver. Therefore, the antisidetone tea- 
ture is applied whenever you speak into the trans- 
mitter. To further explain the antisidetone fea- 
ture, we will briefly consider the action of this 
circuitry as it runctions durmg receiving and trans- 
mission. 

9-35 As we explained, the voice currents that 
L-ntcr this subset from the telephone line are ap- 
plied to terminals RR and C of the network (see 
Iig5. 26 and 28). As these currents pass from 
lermmal C to termmal RR, they pass through 
winding ?Z. resistor RI, the transmitter^, and 
winding PI, la addition to this; pan of the cur- 
rent that passes through winding P2 tlows though 
winding S2. vonstor CRL and ^winding PI to 
arrive at terminal RR. Frotfl th^, it is easy to sec 
that the received voice current^ passes through 
windings PI, PI, ai?d 52, The voice current that 
passes through ail three of these windings induces 
an additive voltage in winding SI. Therefore, 
dutrmg receiving^ a strong voice current is applied 
io the receiver unit by winding SI. 



9*36, SSThcn the handMt is removed from its 
cradfe and the teie^hi»e is m i^odmess for use« 
dc current flows from, the^ central office to the 
telephone instrument via the telephone lines* This 
current passes through the same circuitry in the 
^ network as was explamed in the |3revious para- 
graph. That is, it pa&4s through windings 
S2, and Pi in going from terminal C on the net- 
work to terminal RR. Of course, in doing this, 
it also passes through resuKor Rl and the trans- 
mitter as well OS through winding S2 and vans- 
tor CRI. It is important for you to note at this 
time that the circuit through resistbr Rl and the 
transmitter is in parallel with the circuit through 
winding S2 and varistw CRI. Because of this 
parallel orrailgement, any change in transmitter 
resistance (such as caused by sound wav^ stnk- 
ing the diaphragm) will cause a change in current 
through windhig S2 that is opposite to the changes 
in current in windings PI and P2. For exomole, 
a decreasing resistance in the transmitter will 
cause an increase in current through windings S2, 
With these current changes in opposite directions, 
the voltages induced in winding SI by windings 
PI and P2 ore ISO^ out of phase withjhe volt- 
age induced in winding Si by winding S2. Thus, 
during transmission, a cancellation takes placpf^in 
winding SI — reducing the strength of any in- 
duced voice currents in the receiver circuit. Also, 
during transmission part of the changing current 
in winding S2 passes through resistor R2, Tnis 
current develops a voltage across R2 that is out 
of phase with :hc voltage induced in winding 
Si. Therefore, sidetone is further reduced in the 
receiver circuit, 

9-37. Dialing circuit. When the handset is re- 
moved from its cradle on the telephone, a dialing 
Circuit is established to^thc central office via the 
- telephone lines. The coi^ietion of this circiut to 
t&e central office is indicated to the subscriber 
by the presence of dial tone in his receiver. This 
dialing circuit from the central office through 
the telephone is actually the same as the trans- 
mittmg circuits described previously. Dialing cur- 
rent from the central office passes over the rmg 
side of the line to the telephone connecting 
bioiflc. To trace the dialing circuit from the con- 
necting biock through the telephone, refer to fig- 
ure 28. From the ring conductor at the coxmea- 
ing biock, the dialing aurcnt passes through 
the red (RED-) conductor in the mounting cord 
to terminai L2 on the network* Frcnm termmai 
L2. it passes <3ver the slate-yellow (S-tEL) lead 
to contacts B-C on the hookswitch, through the 
B-C contacts and a slate-brown (S-BRN) lead 
to terminal G, and then through three parailei 
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pains 10 termmal RR. These three parallel paths 
from ieniun;ji C lo tenmnai RR are as follows; 

{ U prooi tenunal C ihn^ugh ^^ries-comxeeied 
sorisigr CR2 aud resistor R3 to tenaiaal RR. 

( 1) From terminal C through the series circuit 
formed by windings P2 and S2, varisior CRU ^nd 
vvmdmg PI to tenumai RR, 

( 3^ From terminal C through winding P2, 
resistor RU the transmitter and handset conduc- 
tors to tennmai R, and then through winding PI 
to renuinal RR- 

9-3S. From terminal RR the dialing current 
flows over the grttn (GRN) dial lead to the 
puismg contacts on thfe' dial; through the pulsing 
contacts and the blue (BLU) dial lead to ter- 
minai F* through terminal F and the slate-white 
(S-WHT) lead to contacts D-E on the hook- 
switch; through the D-E contacts and the siatc- 
green (S-GRN) lead to terminal L; through the 
green (GRN) mounting ?ord lead to tke tip ter- 
minal on the connecting biopk; and then to the 
centrai. Qtfice via the tip conductor of the tele- 
phone line. During dialing, of course, the pulse 
contacts on the dial open and close the circuit 
the same number of times as the number of each 
digit dialed. During the dialing ol each digit, the 
otf-ncrmai contacts close, shoaing out the re- 
ceiver circuit via the white (WHT) diaUeads.. The 
shorting out of the receiver circuit keeps the sub- 
Ncriber from hearing the dial pulses in his own 
receiver Without this feature the dial pulses 
would be heard as loud clicks in the handset 
receiver. One more feature of dial operasion is 
that capacitor C3 and resistor R3'form a clpaci- 
[ancc resistance bridge across the pulsing contacts 
of the dial The bridge circuit protects the pulsing 
contacts from exc^tssive arcing and burning during 
the dialing operation, 

9- 39. This completes oui^discussion of the- 500 
reiephone. Before we fnove on to the next chap- 
ter, however, let's briefly discuss some of :he 
other telephones used by the Mr Force, 

10. Other Telephones 

10- 1. The parts and circuits described for the 
500 telephone are used in many tclc|5honc con-' 
figurations. Let's mention a few examples of 
such ,units. Wail telephones, both 554 and 55S 
^^erics. use the same parts and circuits as the 500 
telephone. The main difference between the^e' 
sets and the' 500 unit is itf ^the shape of the 
base and housing components which facilitate wall 
mounting. Another example is in^thc 564 and 565 
key. ceiephoaes which the same parts and cir* 
cuus, .Also the 630 and 63 1 series of call director 
telephones use basically the same pans and cir- 
cuits. Since so many of dicsc telephones use the 
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same components and circuitry, it is evident that 
if you uttderstaad the 500 telephotic you will 
haw little trouble in tmdefstaadlftg the opera- 
tion of these other telephones. In addition to this, 
we must point out that you may become involved 
with telephones that use the components and cir- 
cuitry explained in Chapter I of this volume. 

10-2, In addirfon to these telephones, there 
are the expiosionproof and weatherproof sets, 
used at some Air Force installations, cspeciaily 
at missile sites. Expiosionproof phones are used 
in areas where they may be exposed to com- 
bustible gas. As shown in figure 29, the circuit 
components, excluding the handset/ arc inclosed 
in a cast aluminum housing. This prevents elec- 
tric arcing in the telephone from igniting fumes 
or gas in the area outside the telephone set. 
All connections to .the set arc sealed and the 
line wires are placed in a conduit that is at- 
tached to the set by threaded connections, which 
arc also sealed to prevent gas from entering the 
housing. 

10-3. At some inltailations, expiosionproof 
and weatherproof connecting stations are pr ^ 
vided. To use this type of station, you just plun 
in an expiosionproof headset and transmitter as^ 
sembiy. When weatherproofing only is required, 
the subset, is normally inclosed in a wt.nherproof 
box or cabinet which is sealed against the en- 
trance of moisture. The mternaJ components of 
cxptosmnproof and weatherproof telephones are 
the same as the components used in ordinary' 




Figure 29- E.^piosionproof wail type teiepfoone^ 



{ 



/<— ' telephones, the principie differences bciag in the tion iquipmeat used with automatic s^stons. The 

expifjswnproof ami weaiiierpitwf housings and aext chapte pcmins lo tn^^in!^n?>arg asd in- 

m the methods used fof scaling agaiast the de- ip«:^ systems aad rccafa$. However, before 
03 ems. ' study ihi.* next chapter, complete the review 

1(M. This concludes our discussion of the sta- exercises for this one. 
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Telephone Station MaintenancOf 
Troubleshooting! and Repair 



AS AN iastallcr-rcpainnan you arc responsible 
for the maintenance of telephone sets used on 
your base or installation. You must be able^ 
to maintain these along with their associated cir- ' 
cuits and equipment. In other words, you arc 
responsible for the maintenance of the fclephone 
equspmcnt that extends from the cenninal of the 
telephone line or cable through the telephone sets 
in the installation. This equipment -includes the 
lead'in or drop wiring, extending from she ter- 
minal on the telephone po!e to the building; the 
protector assembly (for lightning, etc.) mounted 
on the bmldirg; the inside wiring and connecting 
biocks; and the telephone sets with their associ- 
ated apparatus. 

2. Generally, maintenance is divided into two 
categories: preventive and corrective. Preventive 
maintenance eliminates most service breakdowns 
and therefore reduces the need for repairs. Cor- 
rective mamtcnance locates and removes troubles 
that have caused service breakdowns. When the 
trouble is located, it is generally corrected by re- 
pairing* adjusting, or rcpfacing the defective 
component. In this chapter we shall first briefly 
discuss preventive and general maintenance pro- 
cedures, including inspections and treatment to 
control corrosion; secondly, we will discuss tele- 
phone test equipment, including telephone test 
sets, test receivers, and multimeters; and thirdly, 
we will cover fault location and repair of tele- 
phone sets and components using test equipment. 

16* Preventive Maintenance and 
CofTOsi^ Control 

16-1, Preventive maintenance includes inspec- 
tion and other work done on equipment to keep 
it in good working condition so that breakdowns 
and intermptjons in service are held to a. mini- 
mum. This type of maintenance fs normally ac- 
complished by making systonauc ms|»:i:tions of 
the overall installation and by then correcting or 
repairing any defects fotmd. .As an installer-re- 



pairraan* you may have to pcrfonn preventive 
maintenance inspections on the telephone instal* 
lations at your ba^. Furthermore, you must do 
preventive maintenance while working on other 
jobs. For example, when you are installing or re- 
pairing a telephone set, you must inspect the as- 
sociated equipmemt (pole terminals, drop wiring, 
connecting blocks, etc.) and make necessary re- 
pairs. Generally speaking, inspect the associated 
equipment as follows: 

a. Terminals. Examine the wiring and con- 
nections at the pole terminals to make sure that 
all connections are in good condition and that 
the drop wiring is properly attached to the pole. 
\ Drop wiring. Examine the drop wiring that 
extends from the pole terminal to the protector 
block on the building to insiire that it is in good 
condition, properly attached, and that it has ade- 
quate clearance from trees,' powerlines, cables, 
buildings, etc. 

c. Protectors. Examine the protector assembly 
on the building to make sure that it is grounded, 
properly attached, and that its protector mech- 
anisms (carbon blocks, fuses, etc.) offer ma.^- 
mum protection to the circuit components. 

d. Station wiring- Inspect the station wiring 
that extends from the protector on the outside of 
the^^lding to the telephone connecting biocks 
inside of the building to insure that it is in good 
condition and properly attached. Also, examine 
the connecting blocks along ithe station wiring to 
insure that they are not boricen or damaged 

16*2v Com)$i0ii D^ectioB* \Vlien you inspect 
the terminals, wiring, protectors, etc., pay special 
attention (especially in damp climates) to detect 
the possH$te formation of corrosion. When you 
find corrosion, take corrective measures to elim- 
inate it; and prevent, if possible. Its future occur- 
rence. You must kmftp what corrosion is and 
what must be done to prcveqt it. if you do your 
job propcriy, 

16-3. Corrosion eats away material, usually 



metal, by rusting^ electrochemical reactions, etc. 
h would be diufcult to explain ail qt the cotxo 
^iv^ a€iim% that «n tske place m telephone 
oqutpmcnt. However, in most instances, we find 
that moisture has contrifauicd at fe^st a pan ia 
any damage caused by corrosion. 

!o-4. Corrosion usually starts when moisture 
m rhe mt reacts with metais. Also, it occurs when 
A chemical compound in a solution breaks up 
into charged atoms j|f ions as a result of electric 
current. Oxygen i^<dso essential in any serious 
corrosion: but ncrmaily, corrosion does 'not take 
place in the atmosphere without water in some 
form being present. With most types o! corrosion, 
the initial rate of formation is much faster than 
that which occurs later, because the initial oxide 
rilm sets up a protective coating that slows down 
the corrosion process. 

16-5. Corrosion continually converts mctais 
back to their original state; for example, iron 
reverts to natural iron oxide — ore. Corrosion at- 
tack vanes on different metals; but the basic 
n:u urc ot corrosion is almost always the same. 
Electricity flows between areas of a metal surface 
through a solution which can conduct an electri- 
cal current. This eiectrochemicai action cats asvay 
the mctai. 

i 6-6 Corra^ion ConfroL Corrosion can be con- 
\:o]\cd m many wavs, ranging from washing and 
^"icini.ng CO sand blasting and applying some type 
of protecrive coatmg. It can aUo'be controlled 
by inciters, covers, and containers. This is espe^ 
viallv true when the shelters or covers prevent 
moisrurc :rom entering the apparatus. It js im- 
portant that these merhods be used by all pcr- 
-onne! conc;^mcd. In the telephone , substation 
.ir.^K >ou can eliminate most corrosion troubles 
bv installing the proper materials in the right way, 
by installing moisture-proof materials in damp 
^K^as or climates, and by placing the wiring and 
.ippai-atixs inSide the building where it is not af- 
tected by- moisture, chemical fumes, heat, etc. 

!^-^ AH telephone equipment and attach- 
agents meant tor outside use arc protected from 
corrosion by either rinc or galvanized coatings, 
cT they may be made from metals or materials 
:hat Will not rust or corrode* Aluminum, copper, 
plastic, balceiite, and procelain are frequently 
used. The materials used outside arc usually made 
so that weather, rain, snow, hot sun. and winds 
will neither damage the^materiaJ nor cause cir- 
cuit; breakdowns during the normal usable life 
of the item. Normally, if sepec^fications are fol- 
lowed during installation, ^here is little danger of 
corrosion damage to thq| par^ of the teleph\3ne 
equipment that is out in the weather. It is the 
rest of the equipment, the connecting wiring, and 
mside parts that usually cause the' trouble. 



I6-S, Prevention. To prevent troubles inside 
of tiie building ca- instailauoa^ the wiriag, lenni- 
nals, connecring blocks, etc., must be placed so 
that dampness cannot damage them. Sometimes 
shis may cali for a special kind of wire or re- 
routing the wire to a dry^cr iocauon. The diun- 
age to the insulation might not be called corro- 
sion by a strict mterprctation, but if the 
insulation is destroyed, shorts and grounds may 
occur and cause an interruption to service. Also, 
if corrosion forms on terminals, not only can it 
destroy them, but in severe cases, it may cause 
a short between the connections. 

16-^. Corrosion is easier to prevent than it is 
to cure. A small amount of planning may save 
hours of labor in troubleshooting and changing 
instruments. The prevention of corrosion at a sub- 
station installation depends largely upon planning 
the installation of the telephone equipment in 
such a way that it will withstand the conditions 
existing at the particular location. Ordinary tele- 
phones should not be installed in places where 
excessive moisture can cause damage. Where 
moisture does exist, the possibility of installing 
weatherproof apparatus should be considered. 

1 6- i 0. Correaion. When you find corrosion in 
■ a piece of equipment, you will probably have to 
replace the affected part. This may be' the only 
method available to get the , equipment back in 
operation but, at the time of replacement, pos- 
sibly you can do something to prevent the ircyr- 
rence of corrosion. .Another type of mstniment, 
^moving part of the cqu prnent. a rerouting of the 
cable or wire— any of thi> might prevent the same 
thing from happening again. The piece of equip- 
ment that has been damaged by corrosion wili 
need cleaning and adjusting and will quite likelv 
need drying out. To put u back in operating con- 
dition, remove all trices of cofrosion, rust, and 
moisture. Also, ciean and adjust ail of the contact 
points. *^ 

16-1 L When plannyig installations and while 
performing preventive maintenance inspections, 
remember that {Prevention is the easiest part of 
corrosion control. Detection of corrosion is a 
matter of performing frequent inspections of any 
suspected installation. Correction is the bisizest 
job of all if the situation is allowed to iiet that 

16-12. It is quite often necessary to inspect 
the entire telephone subset during preventive 
maintenance inspections. The complete inspec- 
tion of the subset will be covered later m this 
chapter along with testing and repair. Before we 
discuss such items as test equipment, testing, and 
rJpair, let's consider some general maintenance 
procedures. 
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17. Gt^TOHii IVSaintraaiice Procedures 

P-L The maintenance of telephone scis, once 
thev ^uive bees imiJiElecL consisis mosUy of local- 
irtg troubles md making the necessary repairs. 
Troubles in teiephone sets or circuits are indi< 
caicd by the tact thas some pan ot she subset 
or circuit b not functioning properly. Symptoms of 
trouble indicate failure or malfunction of any one 
of the tour operations ot the telephone set: (1) 
signaling the operator or seizing the automatic 
switching equipment, {2) rcceu'ing the ringing, 
^ii§nai. { 3) transmitting sound, and (4) receiving 
sound. 

V'Z. When yt3U have isolated the trouble to 
one of these operations, you are well on your 
^ixy toward troubieshooting. Sometimes studying 
the infohnitiGn on the iorm (service order, work 
order, etc,^ that dispatched you to the subset 
location helps you find the trouble. The informa- 
tion on this form usually includes the location of 
the telephone set, the wire or cable pair involved, 
the 4i?iephonc number, the trouble reported, and 
in many cases* its probable location. As you 
.malyze the infonnation on this form, you mav 
iind that a schematic diagram will help vou to 
localize the trouble in the subset area. In every 
' case, make a visual inspection of the wiring and 
connections as we explained previously. Remem- 
ber, this visual inspection is very important since 
It may disclose the cause of the trouble. 

17-3, If Vou see no broken wires or connec- 
tions, vou ihcn make continuity, voltage, and re- 
sistance measurements with the proper instru- 
ments, usmg 1 systematic process of elimination. 
^' u can thus locate troubles in the minimum 
.i::;ount of time. Start this check from a point 
:n the circuit that is known to be good. Successive 
p m> vit :he c:rcuit can :hen he checked and elim- 
.naiid until the fault is located. 

!"-4- Frequently more than one factor may 
'-^e causmg the tronbie in the subset. Conse- 
L;uen:;v'\ou should foilow a thor^'^ugh step-by- 
step procedure to localize and ehipinatc each 
source of trouble. Be sure that you foilow these 
proccdurcsjo completion even though the imme- 
Jiatc :ausc of trouble has been discovered in 
one of the earlier steps, because you might find 
dirty connections or points of probable break- 
down, which couid liter develop into serious 
trouble. 

'l"-5, Thjs is the ^lep-by-step procedure you 
bhouid follow. First, determine the exact natur^ 
of the froubie. Often troubles may be exag^ 
geraied or underestimated because they are re- 
ported by people unfamiliar with the operation 
of telephone circuits. Second, check the ^^quip- 
ment for obvious faults; examine the equipment 
.md wiring for mechanical damage. For example. 



determine whether the telephone set been 
dropped or otherwise dama^, 

17-6- Before testing any of jthe subset circuits, 
test at the atmal ^bfe termtfiai, or, ut large build- 
ings that aie so equipped, test at the telephone 
terminal cabinet. The proper terminals for the 
circuit will have been identified by the wire 
chief; therefore the test at inese terminals is to 
determine that the source of trouble does not iic 
on the central office side of the equipment. If 
the trouble is on the central office side, report it 
to the wire chief, but you must still check the 
subset to determine its" working condition. Test 
the subset by contacting the central office and 
requesting the wire chief ^o furnish the terminal 
numbers of a spare pair. Ycu can do this by 
using a test set like iht one shown in figure 37, 
To dp this simply connect the test set to the termi- 
nals of a good pak and call the central office. 
In a dial system you mu^ dial the number of 
the test desk by usmg the test set dial, 

17-7. When the pair is assigned, connect the 
test handset across the spare terminals to deter- 
mine whether or not that pair is good. Then con- 
nect the teiephone set to be tested to the new 
terminals, call the test desk, and request that the 
test desk operator run a transmission test on the 
telephone- If a regular test desk is not available, 
the wire chief can make the transmission test 
from a test board. The wire chief should also 
test the ringer by signaling over the line. 
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17-8. If any at the above tests indicate that 
the trouble is ia the iubstaiioa* that troufaic 
should be by fdlawins spedlk-ptocs- 

dares. Before you test the subset equipment, t^£ 
the inside wiring (wiring inside the building ex- 
tending tVom the connecting bfock to where the 
[eiephonc wire enters the building) by removing 
the cover from the connection block and discon- 
necting the leads frotn the telephone. Connect the 
test handset across the terminals on the connect- 
ing block and caH the test desk. If you find 
detective inside wiring, replace it without attempt- 
ing to determine the exact location of the trouble, 

17-9, Telephone trouble may sometimes result 
from failure of the telephone user to handle the 
instrument properly. K such is the case, you 
should mstract him in proper telephoning tech- 
niques. Nevertheless you should test the general 
operating condition of the equipment. 

17-10. Wc have already referred in general to 
the wire chief's test desk and to the necessity for 
comerrmg with the wire chief during trouble- 
shooting procedures. .Another operation in wh^ch 
the wire chief plays an important part in the lo- 
cation of substation troubles is that before you 
ore dispatched to troubieshoot a circuit, he deter- 
mines the general situation. For instance, he will 
be able to tell you the type of service (dial or 
manual), the type of equipment, and the effect 
of the trouble on the telephone user's service, 

17-11. The ^ire chif^ performs tests before 
the installer-repairman is *.ent out. Fust, the wire 
chief tnust complete tests to make sure that the 
trouble is definitely outside if the central office. 
Second, he completes a transmission test to deter- 
mine *ihc condition ot the subset TMsmittcr and 
receiver. Of course he can run this test only 
when the telephone is not completely out of order 

17^12, In addition to these general testing pro- 
cedurcs, testing instruments can also be used to 
advantage. 

18. Test Eqm'pment 

IS- 1. To locate telephone troubles systemati- 
cally, the instaiier-repairman must use various 
instruments. This is necessary because in many 
cases the circuits arc inclosed or arc so arrangcid 
that It would be very difficult to examine each 
one visually. Furthermore, an endl^^s task con- 
fronts you when you attempt to inspect each part 
of a component u3r cixcuit^ every time trouble 
occurs. Some systematic and logical method of 
inspection must be followed if the caj.sc of the 
trouble is to be local i2cd quickly, The best 
method is first to isolate the^ trouble by Idenri- 
fy»g it with one of the circuits or systems. The 
next step ls to trace out thin .particular circuit or 
!>ystem until the faUurfe is imcovered. To help yo.u 



with the isolation and IcK:aiion of troubles, th? 
Air Force fumishts i^venil types of test in- 
strumcms- The test instruments shown in figures 
37 and 38 are typical of the instnmients the ia- 
staller-i^pairman uses. Figiire 37 shows a tele- 
phone test set and figure 38 shows a mtiitimeter 
that is representative of those used in telephone 
maintenance work- Let's consider these instru- 
ments in more detail. 

IS-2. Telephone Test Set Figure 37 illustrates 
the TS-365GT handset, typical of the telephone 
test sets used by the instalfer-repairman. Note 
that this set is equipped with a dial that allows 
you to call into a dial exchange. Just clip the 
leads to the conductors or terminals of an op- 
crational line or cable pair and then dial the ex- 
change after you receive a dial tone. Wlien 
someone at the exchange answers, you can then 
carry on a conversation with him, or you can 
anangc for the tesi desk operator to check the 
circuit. In addition to this, you can use this set to 
determine if voltage is present on a circuit. Do 
so by listening for a click in the receiver when 
you connect the leads across the line or cable 
pair. You can identify the ring or battery side of 
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the line by connecting one lead from the test set 
to ground and then by touching the other icsi 
$et lead first to one side of the Uae and then the 
other, When ihc ring or Imttry side of the line 
IS touched with the test set lead, a loud click 
should be heard in the receiver. Also, with an 
automatic system, dial tone may be heard when 
the test set lead is touched to the ring or bat- 
tery side of the line. 

ISO ReceiYcr Click Set The receiver click 
set may be the only test device available to you 
tor making continuity tests. You should remember 
that these tests indicate when a circuit is com- 
plete. When current flows through the receiver 
m 1 completed circuit, it creates a magnetic 
force which moves the receiver diaphragm. Hence 
you hear a dick. 

1 8-4. Figure 39 is a schematic diagram of a 
receiver click set. In this illustration, a telephone 
receiver and battery are connected in series with 
two test leads. ,Axraaged in this manner, the set 
is used tor resting circuits that have no- source 
of power. When the circuit has its own source 
ot power, the battery is not used in the click set 
*:ircuic. When the ciick set has no battery, it can 
be used cniy on powered circuits; and generally 
NpcukiHg, It must be used in series with the cir- 
cuit. 

To construct a click set using teiephone 
components, you may use the standard telephone 
handset or a receiver headset. You must also 
have a 4^ 2 -volt batters'. When you use a tele- 
phone handset in this way, remove the transmitter 
cap and transmitter element, as shown in figure 
40, Inside the handset transmitter caviiy, de- 
pending on the type of handset, either you wUi 
find two terminals that arc connected to the re- 
ceiver eitrmcnt through the handle of the handset 
^'r \ou will find" that the receiver conductors of 
:hc handset cord extend through the handle to 
terminals on the re reiver. In either event the 
ciick set can be constructed as shown by A. B, 
and C in figure M). Note that the construction oi 
a click ict in this way connects the receiver and 
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Figure Rcccjver ciick set (schematic diagram) 



battery in scnes, as shown by the schematic dia- 
gram in figure 39, 

1S»6, A click set is simple to use* SupiHJse 
you wmt to check ike circuit iljiougit a lamp 
from poinr. I to 2, shown in figure 41, Since the 
click set IS complete with its own battery, you 
need only to complete the circuit. At the time 
your test leads touch the two points as shown, 
you should hear a distinct click in the receiver. 
If you do not hear a click, the circuit between 
points 1 and 2 is incomplete. To prevent wrong 
interpretation, be sure you make all circuit tests 
carefully. Remember, sometimes corrosion at the 
contact points prevents current flow. 

lS-7. Now that we have covered the ciick set 
and telephone test set, let's next consider the use 
of multimeters, 

IS-S. MuUinleters. The multimeters used by 
the telephone equipment repairman arc measur- 
ing tools that provide essential information about* 
electrical circuits. But no matter how good those 
tools are, the results will be only as good as 
the knowledge and ability of the person using 
them. Learn that you can about the use of 
multir :"tcrs for testing telephones and telephone 
circuits. As you already know from your studies 
in Volume I, the heart of any multimeter is 
the meter (sensing) mechanism, called the meter 
movemeni, which can be used to measure varying 
amounts of voltages, cunents, and resistance. 

lS-9. To measure different amounts of volt- 
age, resistors svith different resistance values are 
switched in series with the meter circuit, as shown 
in figure 42. As you can see m the illustration, 
the resistors, called multipliers, are switcned in 
series with test leads A and B and the basic 
meter movement. When a large resistance value is 
5>svuched m series with the circuit and the scale 
oci she meter is calibrated for this resistance, the 
meter is then capable of measuring a large voit- 
age. By the same token, when a smaller resis- 
tance vafue is switched into the circuit and the 
scale IS calibrated for the smaller value, the meter 
is then capable of measuring only smaller volt- 
ages. 

18-iO. As you should remember from your 
studies m the resident course* the basic meter 
movement is also used to measure different a- 
mounts of current. To accomplish this, the resis- 
tors (called sfiunts) are switched in parallel with^ 
the basic meter movement. Of course the meter' 
scale must also be calibrated to' match the dif- 
ferent shunts. Also, as' you perhaps recall, the 
basic meter movement can be used as an ohm- 
meter by placing a battery and variable resistance 
in series wkn the circuit. This, however, requires 
that the meter scale be calibrated ia ohms or 
some other unu of resistance. 
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B CQNNECT TEST LEADS-ONE TO 
UNUSED BATTERY TERMINAL 
AND ONE TO FREE RECEIVER 
TERMINAL 

Figure 40, Click 

IS-IL In the fast few paragraphs wc have 
been thinking of the basic meter movement as it 
IS used to meaiiure direct current values. This is 
only natural because the meter movement being ' 
considered is actually a dc unit. The multimeter, 
however, can also measure ac values. A rectifier 
unit (consisting ot diodes) is switched into the 
circuit during ac measurements. Thus the ac values 
{voltages and currents) are rectified and applied 
to the meter in dc form, 

18-12, Mulnmerer operation. The imponaace 
of the multimeter for locating troubles in tele- 
phone equipment is great. In fact, your success 
in iocaung troubles in telephone equipment will 
dcprnd largely on your ability to use the multi- 
meter. In the communicatiojis shop you may have 
any one of three models of multimeters avail- 
abie; TS^29'.U {Fig, 38), a model 260. or an 
AN/ PSM^, Ail tiira? insuumlmis are used to 
ch^ck the same electrical properties^ but the 
PSM-6 and the Model 260 can test over a 
greater range and with more accuracy. 

18-13. When you sel^t a muitixnetet for a 
particular job; it is imponant that you know its 
capabilities and limitations. To give you some 
background information in that area, wc wiH 
briefly discuss the TS-'297/'U and the AN/ 
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C TEST CLiCK SET BY TOUCHING TEST 
LEAD TIPS TOGETHER. A DISTINCT 
CLICK SHOULD BE HEARD 



set construction. 

PSM-6 multimeters. Since the Model 260 can 
perform ail the functons performed by the PSM-6, 
we shall use the PSM-6 to represent both units. 
Any reference to the PSM-6 also applies to the 
\!odci 260. 

18-14. MuUimeter TS^297/U. The TS^297,U 
was nac designed for the accuracy- and degree of 
application that one wouid expect of the more 
elaborate and more versatile multimeters. It 
docs, however, serve its purpose as a light, 
portable, rugged, and relatively inexpensive field 
multimeter. This meter has a sensitivity of 1,000 
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Figure 42 Basic voitmeicf. 

ohms per volt, and its maximum direct-current 
measuring capacity is 400 mUUampcrcs (ma). 

iS-l5. Flgxire 38 is a drawing that represents 
the tace of tiie TS-297, U multimeter.^ Ofaser\'c 
that chis test set has six voltage range jacks, 
three resistance range jacks,, and four direct-cllr- 
rent range jacks. The voltage jacks, ranging from 
(4 soils) to lOOOV (1000 volts), appear at 
the !en in the iJIustration; the resistance jacks, 
ranging from R x I (resistance times one) to 
R ■< lOO (resistance times 100). appear at the 
bonom of the illustration; and the direct-current 
jacks, ranging from 4MA (4 miUiamperes) to 
400MA (400 miJIiamperes). are shown at the 
right in the illustration. The jack that is com- 
mon to ail measurements is uppermost at the 
right in the illustration,' labeled as follows: 
OHMS, -DC\', -MA. and ACV. This means 
that a test lead must be p!u£ge<l Into this jack 
to perform measurements in ohms, diject-currcnt 
volts, direct-current milUamperes, or ac volts. Th« 
minus mark (-) in front of labels DCV and M.^ 
meaxis that the lead plugged into (his iack must 
be used as the negative test lead when measuring 
dc voiis or dc milliamperej. 

18-16. V\^ile you are still ^ooking at figure 3S. 
note the selector s'^itch located at the lower cen- 
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ter ia the iilusiratioii* This switch must be placed 
isahe 6Qmcx poutiw. For example, the sclea^ 
iwuch ttust be turned ta *he OHMS to 
measure r^isiance valutt; it must be turaed to 

ACV position to measure ac voltag<»; and it must 
be placed in the DCV-MA"* posiiica to meas\xre 
dc v^toges and currents. Finally, in the lower 
baif of the illustration, note the rheostat located 
in the center just below the meter. The lai^ling 
just above this rheosti^, OHMS ZERO ADJUST, 
indicai^^ its purpose, ll is u^ed for adjusting the 
meter pointer to zero on the ohms s<ale when 
measuring resistance vaii^. 

18-17. Now before we discuss the use of thjs 
multimeter, take a lock at the scales located on 
the face of the meter. There are three scales: 
the OHMS scale, the DC scale, and the ACV 
scale. Zero cm the OHMS scale is located to the 
right on the face of the meter, but the zero 
markings for the DC and ACV scales are lo- 
cated to the left on the meter. The OHMS scale 
is calibrated with one set of numbers ranging 
from zero to infinity. The DC and .ACV scales 
are each calibrated with two sets of numbers rang- 
ing from 0 to 40 and from 0 to 100. To use 
this multimeter you > must be able to interpret 
the readings on these scales in respect lo the 
position of the selector switch and the test lead 
jacks being used, 

18-18. To perform any test with the TS- 
297/ U multimeter, plug the black test lead into 
the common jack and the red test lead into one 
of the other jacks, depending on the test to be 
performed. For example, if the test is a measure- 
ment of voUs. 'piug the red test lead into a volt- 
age jack that corresponds to the amount of volt- 
age to be measured. Also, set the selector switch 
in the proper position for the test being per- 
formed. Finally, the scale to be read on the 
meter during a test depends on two things: the 
position of the selector switch and the jack in 
which the red test lead is inserted. 

18-19. With the selector ^switch in the ACV 
position, as shown in the illustration, ^'c know 
that we must read one of the'ACV scales durmg 
an ac voitage measurement. If the red test !ead 
is plugged into the 4V, 40V. or 400V jack, the 
reading must be taken on the 0 to 40 ACV scale. 
When the red test lead is plugged into the lOV, 
lOOV. or lOOOV jack, the reading is then taken 
on the 0 to 11)0 ACV scale. To interpret these 
readings* sou must consider the position of the 
red test lead. For example, when the red test* 
lead IS plugged into the 4V jack, 4 volts applied 
between the test leads wiH cause the meter to 
read fiill scaie; therefore, during this test, 40 on 
the scale is read as 4, 30 on ihe ^calc is read 
as 3. etc. By the same token, when the red 
test lead is plugged into the 400V jack, 40 on 
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the scale is then read as 400, 30 is read as 300, 
etci When the red tcsi lead is plugged into the 
lOV lack. 100 06 tlie «ak is then rtid as tO 
75 is read as 7.5. SO is read as 5. etc. Also, if 
the red' lead is plugged into the lOOOV jack, 
iOO oa the scale is then read as 1000; 75 is 
read as 750, etc. 

18-20. la the above paragraphs the explana- 
tion given is for the raeasuremeat of ac volts. 
To make dc measurements, oi either volts' or 
inilliamperes, Oie- selector switch must be turned 
to the DCV-MA position. „With the selector 
switch in this position, ail readings are then laker 
on the DC meter seniles. Other than this, the 
making of dc measurements is e«cUy the same 
OS for ac. Of course, when making dc measure- 
ments you must observe polarity by usixig the 
black test lead for negative and the red test lead 
for positive. Also, when making cither ac or dc 
vokage tests, you must always connect the tc%t 
leads across (parallel to) the circuit; and when* 
making current (.VIA) tests, you must always con- 
nect the test leads in scries with the circuit. Fur- 
thermore, when measuring either currents or volt- 
ages, you muit always select a range large enough 
to insure less than full-scale deflection of the 
meter. For example, suppose that you are going 
to measure the voltage in a circuit that has ap- 
proximately 500 volts applied. In this case you 
should plug the red test lead into the lOCOV 
jack to raaki the measurement; otherwise, the 
voltage of around 500 volts would' overload the 
meter. This is true when you measure either 
voltages or currents. You must always select a 
range that is above the value expected in th; cir- 
cuit. 

Now that SVC have covered voltage and 
current rneasur-ment with the TS-297/U, 'let's 
consider the measurement of resistance. To'meas- 
urj resistance values with this meter, you must 
switch the selector to the OHMS position and 
plug the red lead into one of the three resis- 
tance positions, shown at 'the bottom' in figure 
38. .^fter this has been done, the red and black 
test lead prods must be shorted together and the 
rheostat adjusted to bnng the pointer to zero on 
the OHMS scale. .After the pointer has been ad- 
justed to zero, ih«- fst lead prods are then sep- 
arated to remove the short, With the meter so 
adjusted, resistance values are measured by con- 
necting the test prods directly across the cjrcujt 
or Its components. // is important to remember, 
tfiat the power for this test is provided by a box- 
.'e-ry tn tfir multimeter; therefore, the cirriut or 
component being tested mus^ be discannected 
from its power soufce. 

18-22. The next thing that we must consider 
IS how to read the OHMS scale. This is rather " 




simple because the reading dej^ds upon which 
one *a£ the r«^stimce |ades b nued. F<k 
. example, if the red te$t lead is plugged into the 
, RXi jack, the reading obtained ob the OHMS 
scale is read directly. This 
of 20 on the OHMS scaie is eqW to R tim« 
onev(R X I) or 20 ohms. As another example, 
if the red lead were. plugged into the RXIO 
- jack and the pointer on the lacter showed 20 on 
the scale, the reading would then be equal to R 
times ten (R x 10) or 200 ohms. From these 
examples, you can sec that ;he amount indicated 
on the OHMS scal^ is always multipled by the 
value shown on the resistance jack in use; there- 
fore, with this multimeter, the amount shown on 
the OHMS scale is multiplied by either 1, 10, or 
1 00. Another important factor about the ohm- 
meter irthat whenever the red test lead is changed 
from one resistance jack to another, the pointer 
on the meter must be readiusteif to zero before 
any additional resistance tests are performed. 
Whenever the meter cannot be adjusted to zero, 
you will probably- have to replace the multimeter 
battery. 

18-23. Multimeter AN/PS\f-6. This miiltim- 
ucr. j'ually called the PSM-6. is illustrated in 
figure 43, Briefly, it is desiped to measure dc 
voltages up to 5,000 volts, altematingHiurrent 
voltage up to- 1,000 volts, direct-cdrrent values 
up to 10 amperes, 'and resistance values up to 
10 megohms. The ?SM-6 uses a precision 50- 
microampere movement which has 1,700 ohms 
resistance. The movement is connected to the cali- 
brated circuits through multiple switches: the 
FUNCTION switch and the R.ANGE fewitch. .-MI 
of the connections are brought out to the two test 
lead jacks at the bottom of the panel. The meter 
has provision for dual sensitivities of 20.000 
and 1,000 ohms per volt. The higher sensitivity 
docs not affect the circuit (load the circuit) un- 
der test as much as the lower sensitivity d«es. 
Thus the high sensitivity setting makes more ac- 
curate measurements. The lo*cr sensitivity in- 
creases the versatility uf the instrument, because 
there are many items of .electrical equipment 
whose voltage and resistance charts specify the 
use of a I.OOO-ohms-per-volt meter. '.Now that 
we, have, discussed the getierai capabilities of the 
PSM-^. .let's see how it works, begjnniXje with , 

' the operating controls. 

18-24. .As you can see in figure 43, a draw- ' 
ing that rejSrescnts the face of the PSM-«,. tirtre 
are three control knobs located near the bot- 
tom of the multimeter 'panel. Two of these coa- 
trois, the FUNCTION and RANGE switches, 
were* mentioned before. The other control io- 

.catcd just below the taeter at the center "of the 

■ panel, is the ohms ZERO adjustment. 
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' IS-Zi The FLNCTTON switch is a seven- 
.positiun !iW!£ch that seiecss the proper csrcuii 
ciemcfiu Co measure eUhcf voUage current, re- 
iistancc. or ompmHoifagc tcvci. 

t8--6. The R-ANCE switch is a seven-posi- 
tion switch used to select the"" specific range oi 
vuUage, curreat. resistance, or output level for the 
dcstred measurement so that an accurate indica- 
uon can be secured. 

IS-2T. The ZERO control is used on resistance 
ranges to zero the pointer when changing resist- 
ance ranges or to compensate for changes in 
/M^attery voltage, 

Now that we have identified the pur- 
pose of the control switches, let's discuss the vari- 
ous ranges of this multimt :er. We will first con- 
sider the scales on the meter face, then the ranges 
controlled by the . FUNCTION and RANGE 
switches, and the meter accessories. 

18-29. The scales on the face of rfie^ctcr 
are also shown in figure 43. There arr^thrce- 
Ncales: OHMS, AC. and DC. There is one set 
of numerals on the OHMS scale ranging from 0 
to 2K, Of course, numerous readings can be 
obtained on this scale by using the different mul- 
tipliers (R X 1. R x' 10. etc.) controlled by 
•he R.ANGE switch position. The AC and DC 
scales both ha^e three sets of numerals ranging 
from 0 to 2.5. 0 'so 5. and 0 to 10. How these 
scales arc read when making a raeas.urement 
depends upon the position of the control switches. 
As you study the various ranges of the meter, 
you should keep in mind that depending on the 
position of the RANGE switch, the AC or DC 
scales may be read in the following ways. The 
0 to 2.5 scale may be read as 0 to 2.5 or as 0 to 
2.'^n. The 0 to 5 scale may be read as 0 to 5. 
'1 to 50. or 0 to 500. The 0 to 10 scale mav be 
rc:id as 0 to 10 or 0 to I.OpO on either scale: 
.md .IS 0 to 100 on the DC sCale for the special 
H"!0-microampere measurement. Y«u should also 
(cmembcr that when the 0 to .5 scale is used as 
a n !o .5 scale, you "must imagine the point 
to be in front of each number oa the scale. As 
an example, the numbers I. 2. 3. 4. and 5. 
-ire read as I. .2. ,3. .4, and .5. • ' 

I8-3_0,_ WUh the' FUNCTION switch set in 
the DCV-20Kn, V position, the multimeter cir- 
cuitry provides 20.000 ohms per volt during^ the 
measurement. When .this range is used, the meter 
■ftus very little effect op the circuit being tested. 
High sensitivity makes it possible to secure acoi-' 
rate readings even' when testing high resistance 
circuits carrying small amounts oi cnrreitt. With 
the FVN<!rrjON switch' in the above position, the 
RANGE switch is used to select the^desired meas- 
urement range, The following ranges for the meas- 
urement of dc voltages may be selected by the 
RANGE Switch: 0 tp .5 volts. 0 to 2.5 volts. 



0 to 10 Volts. 0 to 50 volts. 0 to 250 -volts, 
0 to 500 volts, and 0 to 1,000 volts. 
- 18-31. With the FUNCTION switch ia the 
pos^sn described ia the previous^ j^graph. aisd 
by adding Accessory Probe MX-14 10/ U, you 
■ can use the PSM-6 to measure ^ojtages up to 
5.000 voits dc. Briefly, this is done as fcUows: 
With th,e master set up to measure 500 volts dc, 
plug the accessory probe in series with the posi- 
tive test lead from the^ mfeter. Attach the dip of 
the accessory probe to the high voltage test point 
to be measured. Attach the c^ip of the accessory 
probe to the high voltage lest point to be meas- 
ured. After you attach the negative test lead^ to 
the negative side of the vottage^source under 'test, 
apply power to the equipment and you can read 
the high voltage on *the .meter. Note: When 
making high voltage tests, be sure that the power 
is off and that no residual hj^-voltage. capaci- 
tivc charge remaiils at the voltage test point on 
the equipnient under test when connecting or dis- 
connecting the test leads., 

lS-32.^ With the FUNCTION switch set in U'.e 
DCV-1K12/V position, the multimeter circuitry 
provides 1.000 ohms per volt during measure'- 
mem. When the FUCr.TION switch is in this 
position. 1 .000 ohms per volt is provided through- 
out all of the ranges selected bv the RANGE 
switch. Also, with the FUNCTION switch in this 
position, the RANGE switch may be used to se- 
lect any of the voltage ranges, except for the 5.- 
000-volt range. The 5.000-volt range, which re- 
quires the use of the accessory probe, is used 
only with the FUNCTION switch in the DCV- 
20Kn V position. 

lS-33. When the FUNCTION switch is moved 
to the .ACV-lKn/V position, a rectifier is con- 
nected to the meter circuit to rectifv the' ac 
voltage applied to the meter. The RANGE switch 
may be used in any of its positions so that the 
meter can measure ac voltage up to 1.000 volts. 
The readings on the AC scale are made in the 
same way as on the DC scale. 

18-34.' Wiicn the FUNCTION switch is set at 
the OUTPUT position, the circuit is identical to 
that of the ACV' position — except that a series 
capacitor is added to the circuit. The function 
of this capacitor is to block any dc component 
of the ac voltage being measured. 

18-35. When the FUNCTION switch is placed 
m the DC position, it actuates the circuitry 
that :s used for all direct-current measurements'. 
W'ith each chapgc in the position of the RANGE 
switch, the values of (He resistors are changed 
so that all current in e.xccss of 50 microamperes 
will flow through the meter shunt. To measure 
current in excess of I ampere, the MX- 1 409 4j * 
Multirange Instrument Shunt is used. .Adding this 
instrument shunt increases the current 'measuring 



capacity oC the PSM-^ to 10 amper^. When you 
use the MX-l-WW/U, set the FUNCTION switch 
at the DC MA po«tioa« the RANGE switch at 
the 10 positioo, and insert the Iseter test leads 
in the 10 jack* xsn the MX-1409/U. The load 
under test is then connected to the binding posts 
o( the MX-1409/U, Note: Make all "conncas" 
and "disconnects" with the power cff. 
' 18-36. When the FUNCTION switch is placed 
in the 6hMS i>ositi«i, it prepares the basic 
ohmraetcr circuit for measurinf resistance. Here 
again the values of the resistors are changed with 
each setting of the RANGE switch. As explained 
for the previous- multimeter, the OHMS ZERO 
control on the PSM«^ must be adjusted (with 
the test leads shdhed) to bring the pointer on the 
meter to zero. This must be done at the start 
of each, rcsistana . test and whenever the 
R.ANGE switch is changed to a different ppsi- 
tiOq during -resistaiice tests. Also, when the meter 
cannot be adjusted to zero, it is quite likely that 
the Ijatterics in the multimeter need repiacemen^ 
tS-37. With the meter adjusted to zero, any 
unknown resistance connected in series with th^r 
, i^k leads will naturally cause a readidg on the 
r^cteHi^t is less than full scale. The value of ' 
tlic unltnown resistance is then read on tha" 
OHMS ^caie of the nieter. For greater accuracy, 
resistance measurements should be taken with 
the RA>fGE switch in the position that allows the 
pointer to fail upon the pan of the scale where 
the scale graduations arc farthest apa^. (The 
two batteries used in the PSM-6 are plastic- 
• coated 12.06- and 1.34-v61t meroirit, oxide bat^ 
tcrics.) 

IS-3S. This> position of ihc FUNCTION 
swHch enables the. PSM-6 to measure ^xtremely 
small amounts of current. The RANGE switch is 
not included in this circuit. When switched to this 
position, the circuit Is simply a 1,700-chm re- 
sistor shunting the 1.700-ohm- meter^ resis;ance. 
thus forming a parallel resistive network of two 
equal branches. When placed in series with a 
lOO-micToampere (or .less) current path, the cur- 
rent divides, equally bctwecp the two branches, 

* deflecting the meter -pointfcr to full scale if the 
applied current is the full lOQ microafflgrts'. 
To interpret, the meter 'reading -with the FUNC- 
TION switch in thitf position, you. must use the 
0 to 10 DC scale. Of course, .when doing this, 
you must add a zero to each of the indicated, 
scale values. For example, since a fuil-scale read-, 
■ng is zqufil to 100 microam^res. the 10 on the 

. scale must be read as 100. the 8 must be read 
as SO. the 6 must be read as 60. the 4 must 
be read as 40,'. afld so cm over the eniire scale. 

1 8-39. Using the midiimeter. Since- there are 
so many p;ecautions that must be observed when 
a -multimeter is used, we have purposely con- 



deziscd most of the ir^onnatioa in Uus^ section 
into a series of brief statements, Wc will Bist con- 
sider generai pi^utions, and tben ihc^ that " 
must be oi»^ed during ipec . 

IStM), During tests, teneral . precautions must 
he observed> Since ail meters ,,afi^currecLt-ac- 
tuated devices regardlos of their scale ciUbr^tion, 
here "are hints concerning meters in general: 

^ Bcion using any multb^eter, carefully read 
al' : instructions furnished with it - 

' hen you ux any ii^trument, thc^ area 
arouuu the jacks and terminals must be citp^ 
and dry, T^is prevents surface leak:^, which 
can cause eiifor readings on die more sensi* 
tive ranges. 

c. The rotary switches on the front pahei gen- 
erally are not continuously rotalable. Do not try 

force them beyond the first or last position, 

d. Do not drop a meter or subject it to ex- 
cessive mechanical shock. 

€. Never try to measure jhc internal resistance 
of a meter movement with an ohmmetcr* as the 
■ movement may be damaged by the high current 
required for ohmmeter of^raiion. 

18-41. Observe precautions when using volt- 
meters. Although the voltmeter is a high-resis- 
tance device and is not so ajSt to be damajged by 
an excessive current flow, there arc several hints 
concerning its proper , use that you should ob- 
serve. They are as follows: 

a. Always connect a voltmeter in parallel 
across the portion of the circuit in which the 
voltage is being measured- 
V b. Use ^ range large enough to insme less than 
full-scale deflection, 

c. Observe the proper poiarity in connecting 
the voltmeter across a dc circuit. .You can avoid 
improper meter connections'^ by observing the 
polarity markings on the meter and by remem- 
bering that*" the" black meter leads are negative 
leads^aad the red leads are positive leads^ 

d. Remember that the accuracy' of a reading 
indicated by, a voltmeter depends upon the sensi- 
tivity of the meter. A voltmeter is a current 
measuring instrument Resigned to indicate voltage 
by measurement of current flow through a resist- 
ance" of known value, 

18-42. Observe precautions when using am- 
meters. There are a number of precautions ihat 
^ppiy particularly to the^e of the ammeter, 
. They are as follows: 

a. Always connect an ammeter in series with 
the clement through which current tlow is to be 
measured, 

b. Never connect on^ ammeter acfoss a source 
of voltage, such as a battery or generator. Re- 
member that the resistance of an ammeter, par- 
ticularly on the higher ranges; ms e:^trcmeiy low 
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'^d tha^ any voltage, even a voic or so, mav 
^ause a very' high cmc« to flow thioogh th» 
/ isma, causiai daaa^ » it. > "'^ ^ 

i^. Use a range large enough' to keep tbs de- 
rleccon less than^M scale before measuring ^ 
currepL Form' some idea of its magnitude, then 
switch to a large enough range^ of start Mdth the 
highest range and work down uniU you k^^Ji ihe 
appropriate one. Most accurate readings are ob- 
tained at approximately half-scale deflection. 
\iany miUiamraeters have been ruined by trying 
to measure amperes. Therefore be sure to read 
the leneriag either on the dial or on the switch 
positions and select the proper range b^ore con- 
necriag the instnmient lo the drcuiL 

d.' Observe proper polarity in connecting the 
meter to the circuit. Many pointers ha^e been 
, nuncd by a reverse swing due to reversed polar- 
itv. • 

Observe p recautions when usin<^ ohm- 
IBg^grSi ■ The two precautions that must be ob- 
served when you uSe the ohmmeter are: 

a. Avoid connecting the ohmmeter across cir- 
cuits in which voltage exists. Therefore, to re- 
move all power from the equipment, remove the 
power piug, and discharge any capacitors con- 
nected m the circuit under test- 

h. Make all resistance measurements with your 
hands holding the insulated portion of the test' 
prods. The resistance of the human bodv, under 
certain conditions, is Iqw (less than' 50,000 
ohms) and may cause erroneous readings." 

lS-44. This completes our discussion of the 
test sets that may be used in telephone main-' 
tenance and repaii^^Wc will next discuss fault 
location and repair"^ telephone sets, including 
the use of -other telephone tesi equipment. ^ 

19. Fault Locatioo and Repair 
of Telepiione Sets 

1 9- 1. Thus far we have discussed mostly the 
procedures used m locating and •eliifiinating trou- 
bles between the pole terminal and the -.aiefjhone 
mounting cord. The information given in the tcle- 
.phone trouble report is often a clue to the loca- 
tion of the fault. For instance, the subscriber 
reports the trouble svinptom as' "The bell doesn't 
ring." if no other trouble symptom is listed, and 
you can talk and recesve over the set, there is 
good reason to beiisve that the trouble is within 
the ihstrument (telephone set). The probable 
causes for troubles in, telephone sets are listed in 
troubleshooting charts for the telephones con- 
ceracd. .As an installer-repairman' you should 
have access to telephone troublesho^g charts . 
at your station of assignraeflt » ' / . 

19-2. By careful analysis of the trouble re- 
poned and by line testing you may isolate the ' 



trouble to the telephone set Replacing the teie- 
phone «j, with anothar it usuaiiy tlie quickest ^ 
meiai of mtoring service. Howtvfer, if service ' 
can be restored more quickly bv repairing the 
faulty telephone set do Sf. This brings us to the 

V problem of testing the telephone set 

19-3. Preliaiiaur TeatiBg Procedtuts. There 
arc three basic procedures to fallow when you 
are troubleshooting a telephone set (1) llakc 
on operational checl^ to'listermine which circuit 
in the set is not operating properly. (2) Make 
a visual insi^ction of the set to discover any ^ 
obvious faults, soch «s pp«is caused by broken jf^ 
wires or conhec^ions, shorts caused by. improper 
contacts between spade clips, and improper me- 
chani«ai action causefd by the presence of foreign 
materials. (3) Make a» continuity test to deter- 
mine if the circuit under test is «»npl«e when the 
trouble is.not obvjous enough to be seen durink 
the visual check. 

19-4. Operational tesfs. After any troubles be- 
tween the pole terminal and the telephone have 
been eliminated, operational tests^should be^er- 
-fonned to isolate the trouble in the telephone set. • 
These tests arc ; basically the same ai the initial 
tests performcd-ai the time of telephone installap 
tion. Briefly, to perform these tests ydu ml.^t 
first ipspect the external parts of the telephone, 
such as the handset handset cc«d, mounting 

•cord, telephone housing, and dial assembly. Dur^ 
ing this inspection, you should verify that the dial 
does not bind< and that the hooks'witch mecha- 
nism operates freely. When the insp^ctjpn is com- 
pleted, there are two tests that must be per- 
torraed: the transmission test and the signalin« 

, test. 

19-5. To perform the. tramsmission test, first 
lift thCi receiver and listen foi^ dial, tone. .Next, 
yoa should blow gently into the transmitter and 
listen for sidetone ii^ the receiver. While blow- 
ing in the transmitter, inove the dial slightly off 
normal. Sidetone ai the receiver should be' cut 
off by this action., After checking for sidetone, 
dial the number of the wire ch;ef. operator, j^r . 
a local telephone set. While dieHflg you should 
hear no dial clicks in the receiver and the linger 
bells should not tap. FmaHy you should carry on • : 
a conversation with whoever answers the tele- 
phone, notiaj; how well both voices are heard 
during a normal conversation. Also you shduld 
blow gently into the uadsmitier during the con- 
versation and note whether any scratching or siz- 
_;iing noises are heard. While the conversation is 
stiii, in progress, shake, twist and stretch the 
-handset and mounting cords to see if any scratch- 
ing* or sizzling noises arc Ijeard. Noises indicate 
that these cords are in poor condition. If the • 



■ above testi^are unsatisfactory, 
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should be either repaired or repiicedt dep^* 
ing CQ the nmxtt of t^e trouble. ^ ali of the 
tests are saiis|ictory, you should then proceed 
miii ihc sigaahng tests. 

19-6: To perfoqn the signaling test you should 
dial the ring-ba^ nuG^er (if the central office is 
so equipped)-; ^bihenvisfe, cafl the ^ire chief or 
operator and hqive him ring the telephone rnder 
test while you observe the operation of the ringer 
or shells. The beiifi should ring clearly and at the 
proper volume. Also, while the signaling test is 
biing made, move the. volume control' (loudness 
control lever) from the iiighest position to the 
lowest position and note whether the volume 
change is appropriate. 

19^7, Locaiizins trouble. If ^ the' tefephone set 
docs not opcraie properly during the above tests, 
it may be best in some coses to install anomer 
set and take the old one to the shop for addi« 
nonal inspeciions and tests. But, if you have 
plenty of time and it is not too urgent tMc ser- 
vice be established immediately, it may be .easier^ 
to localize the trouble while the set is still in* 
stailcc^. At least b>' using the telephone test set, 
you shouid be able to localize the trouble to one 
of. "^thc five basic circuits of the telephone^ set. 
These basic circuits, as shown in the troUble** 
shooting sections ofvTechnical Order 31WI-1- 
281. Telephone ^eis*hid Associated Apparat^us, 
are: the ringing, talking, 'receiving, dialing, and 
the short-on-line- circuits- You shouid isolatd the 
trouble to one of these circuits in order use 
the troubleshooting charts." To do .this with a 
telephone test set. you must open^e telephone 
and connect the clips of the hand test set, with 
the switch in MON ^Moi^ttK) position, across 
the telephone line at the subset terminals. This 
places the test set in a position that allows ^ou 
to ^monitor the operation ot" the subset during a 
is;<t^snuation. ' * ♦ 

/ i9.g. With the hand :est iti connected across 
the iine terminals as explained above, the trouble 
symptoms and circuit m fault can 'be determined 
as follows: 

a. Remove th<^ handset from its cradle cm the 
telephone subset and then listeq to tht^ receivers 
of both the ^<l?lephone and the hand test set If 
nothing is heard in->{:*^»^^^ receiver. -the symptom 
i6 sard to be a '•No dial tone (NDT) sit-uahon.'* 
On troubleshodtmg charts, this indicates uoubia 
in the short-on-iiae circuit^which could be either 
a short or an open in the line circuit through the 
telephone. 

b. With ihe handset ^iiH otf its cradle v>^hile 
you arc listeaytig to both receivers, hearing dial 
tone in the receiver of the n^t set and nothing in' 
the receiver of the telephone mdicates a ''Cannot 
hear (CH) situation/* This funher indicated that 
the trouble is in the receiving circuit.- 



' c, Ncxt„ witii the imadS^ oU its crAdic^ op* 
eraie the subset dM whd^ Usteging tor botfi re- 
ceivers. If you l;ear dial tone in the receiver df 
the t^t and Xilso hear it between digits in 
the receiver of the subset* you have a Xanxiil 
break dial tone (CBD) eondition," This funher 
indicate that the trouble is in the dialing circuit. 
Also, if you hear nothing in the receiver' of the 
' telephone set after the dialing is stoned and you 
hear hesiumt or distoned dial pulses in the re- 
ceiver of the test set, it indicates a<^annoi dial 
(CD) condition/' This also indicates trouble in 
the dialing circu^L 

^.^Next, with the handset on its cradle and a 
ffifsging CQnditibn on the line/ if you hear the 
ringing generator in the receiver of the test set 
and there is no ringmg of the telephone, it ind^ 
cates a ''Bell doe;; not ring (BDR) condition/' 
This indicates trouble in the ringing circuit. 

e. Finally, if you hear nothing in either re- 
ceiver when someone is talking into the trans- 
mitter with the handset off its cradle, it iffdicates 
a "Cannot heard (CBH) situation^ This lof 
colizes the trouble as being in the talking circuit. 

19-9. y the trouble is isolated to one of the 
five circuits during the tests, you can perhaps 
pinpoint the trouble within that circuit by study- 
ing the schematic diagram for the telephone and 
circuit.' Many of these diagrams arc, contained in 
0t terhnicaforder referred to previously. In any 
even t" you Ji?Wl^avc to use the diagrams to trace 
and test t^ telephone circuits and components if 
the subset is taken to the shop for repair i-Fqr 
the purpose of this text, l^t's assume that the .sub- 
set must be^replaccd ond^hat we are going to re- 
pair the old one in the shop. This brings us to 
the job of inspectir^g the su^et and of testing us 
components and circuits, yyitlithis assumption 

' let's first consider the inspcttipV of a telephone 
and then the testing of its cor|fp9aents aqd cir- 

•^cuits. / ( 

19-10. TdephoM Inipection* When a tele- 
phony has been brought -fnto the shop for repair, 
it should "'be thoroughly' inspected before any 
repair work is begun. Of cours^, in some cases 
the Ipspcction may bf performed at the sub- 
'scribers residence, but in'lhe majority of cases 
^vben a iroubic has b|eq isolated to the tele-* 
phb&e. it is best to replace the 'unit and bring the 
old* OP'S ic for inspection and repair. The com- 
plete inspection' of a'^telepho^b is accotnpiished by 
examming^li of its major components very thor- 
oughiy. To do this, let's start with the leiephone 
handset. f 

19-1 L Handset inspecwm, Jo inspect the en- 
tire handset, y^^^must remove the receiver and 
transmitter units. 'First remove the transmitter and 

-fecei\*r caps by mming them in a counterciock- 
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musr direction. When hand pr^ure is iasuffi- 
c«ai 10 unscrew the caps, a toei is provided 
fox use wiife the l^HyiJe liandsct TlOs tool is 
nonnaiiy not used on the later model (G-type) 
handsets. When this tool is not avaikbie, or the 

• handset is a model on which the tool cannot be' 
used, the .application of a few {ayeis of fric- 
tion tape around the cap wiU-^ivc a hetter grip' 
tor hand removal. After the caps arc unscrewed 
remove jhe transmitter and receiver units and 
perform the following inspections. 

J. Inspect the saps and handset case for chips 
cracks. damagedj|reads. and distocted cfantacis! 
. It any of these IjJarts arc. damaged, .repladi them 
as nticded. 

b. Inspect the transmitter unit to sec if it is 
beni or distonedor if the diaphragm is piincmred, 
dirty, or wet. If the unit h defective in anv wav' ' 

repiacf^it. - . 

c. Inspect the receiver unit for dents, dust • 
and moisture. Clean and test the unit when re- 
quired. If defective, replace the unit. 

d. E.xamine the handset cord and wiring for 
fra\ed miuiation near its Connections, and check 
connections for good condition and tightness. 

• /2mfrr . wpea/cn. To inspect the rineer 
or' un\ ot the Internal parts of -the subset, vou 
muit remove the leiephooe housing. After 'the 
housing has been removed, inspca the rineer 

u. E.xamine the ringer assembly for secure 
.niounting. make sure that the gongs are not lo6s^' 
and ^ce-jhai ihc loudtiess control lever can be 
moved- treely. 

h. Inspect the ringer coijs for nicks, dcnts/'and 
loo c connections. Test the .ringer coils as" de- 
scribed in the section on testing. 

c. €.\amirie the bsasmg spring; if u is broken 
or iacks .tension, the ringer assembly must be 
replaced. 

I*)-I3. Hookiwitch impeaibn. In general the 
hookswuch- may ^be inspected in the foUowinB 
manner. 

^i. Inspect springs for bent or rustv condition 
, .:nd tor_ puted contacts. .Make sure that the con- 
tacts make and break properly, 

h. Tt!>£ tor free lever action. If the mechanism 
squeaks or binds it is defective. 

i. . \V hen the spring pUeup is defective, it mav 
be repiaccd on sonje telephone sets, but on 
others the entire set must be replaced Check 

. With your source of supply and read pertinent 
rechnicai orders to determine which parts are 
available for replacement. 

19-14. Induction <;oil inspection. When the 
tcluphone sec has an induction coil that is not 
part of a network, it may be inspected in''^e 
loHowing manner; 



a. Inspect the induction coil for secure mount- 
wg and mii» safe that all of the wiring coaa«- 
tions are tight and iti- good condition. 

6. Inspect the ^windings for nicks, dents, and 
breaks. Replace.the cod assemblv if it is dam- 
aged, \ ' " 

c. If the coil appears to be in good condition. 
l«st-the resistance of the windings as explained in 
the tests section. ^ • 

19-15. Nemjrk iitspection. U 'the subset is 
equipped with a Qe^vork assembly, the network 
may be inspected as follow^: 

a. Inspect the assembly for dents, chips, and 
broken terminals. Examine all wire connections 
and tighten loese tenmnals. . r 

b. If there is' any doubt about the network, 
test Its windings as explained in the test section, 

19- 1 6u Housing inspection.' Inspett^h? hous- 
ing for cracked, chipped, or discol^ con^ion. 
Check the padded feet on tlje ba^ to insurrihat 
^ they wiU not damage or' mar dest finish. 

19-17. Diai inspection. The telephone dial 
should be inspected in the following manner. 

a. Examine the diai for secure mountina and 
tighten an^' loose screws. 

h. Inspect the finger stop, and finger wheel for 
loose or bent condition and examine the number 
card for cleanliness, tears, and legibilitv. Replace 
any damaged parts by folJ3\ving the instruc- 
tions in the penineat technical order. 

r. Insure that all Vire coiinections 'are ticht, ^ 
and test the dial for proper 'operation, including 
the testing for proper dial speed. This' must ije.' 
done by following the instructions tor the diai test 
equipment used in your organization. . 

19-18. Cord inspection. Inspect the handset. 
• and mounting cords for cut or frayed msuiation 
;;nd for poor connections or loose cord stays. 
Furihem^ore, the cords should be tested for con- 
tinuity, as wtf wiiUxpiain later in circuit testing. 

19-19. Capcffjtor inspection. When the tele- 
phone uses capacitors that are ^ot contained in 
a network, they should be inspects^ in the fol- 
lowmg manner. . . 

a. Inspect the capacitor case for any dents,, 
cracks, or leaking fluid: If it is dampged in any* 
way. the capacitor must be replaced. 

b. E.xamine and tighten wire connections as 
neccssafv. 

c. Test the capacitor d a capacitor test set <is 
available. 

i9r20 Telling Teiepiione Components. Before 
testing a component, you must inspect it eo make * 
sure that" it has no brfken leads or dirty, cor- 
roded terminals that will interfere with the tests. 
Also. you 'mkUst study the schematic diagram of 
the circuit to see if any of the connected leads 
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will iffect the te^ If th« appamms connected 
to a ctMBponeot ia^efct with the tests, discon- 
nect the wtrisi* Bmt i^ti in t|» 
towing paSg!^^ 

timcter with its FUNCTION switch in position 
for measuring rcwsience. Of &ursc you must 
remember thot^the scale to . .be used . (RXl, 
RXIO, etc«) dcp^uis upcm the amount of resist* 
ance to be measured. In apy event the -reading 
will aormally be more accurate whM a s»ie ts 
used thai causes the meter to read in the lower 
half of the scale during the measurement Now 
consider the testing of some telephone compo- 
nent, / 

19-21. Induction coiL To itA the induction 
coiU you nnut measure the resistance of ;ach 
winding. WhM you test the windings of^ itfl A 
induction rail, if the valu^ vary more ]^ 10 
percent from the amo\mts specified, the .c<fi is 
defective. The values s^cified for the windings 
of the 11t)lA inductiod coil aire as follows; the 
resist^n^e value of the, primary winding is 22 
ohms; lie value given for the secondary winding 
is 10 ohms; and that for the teraarf winding is 
75 ohms. 

19-22. Network. The 4258 network is liscd 
with the 500-iype telephone as well as with 
many other tcicphoncs. To tcst^lthe resistance in, 
the components of Uiis network, you must mike 
three measurements as follows: (1) the ressf- 
ance measured between network terminals R and 
RR ihould read 135 ohms; (2) the resistance 
measured between terminals' R and GN should 
be a3 ohms; and (3) the resistance between ter- 
minals B and C should be 39 ohms. Rememoer 
ihaftfccausc this network also contains capacitors, 
it may stall be defective even whet? the resistance 
values are satisfactory. 

19-^3. Ringers. Test the ringer windings by 
measuring the resistance of each ccnl If any 
value varies mfere than -.10 p^cent from, that 
specified, the coil is* defective. Since there are 
many' types of ringers and beils 'used, you must 
look up the values specified for the ringer being 
tested. It is always a ^xxl praciice.^to look up the 
resistance values for any unit being tested. Don't 
tr>' to remember specifications. 

19-24' Receiver. The resistance of a recciv* 
» ing unit should not vary more than 10 percent 
from that listed for tte specific lyLt.Agait^ al- 
ways look up the specifications for the unit being 
measured. The values f<s the Ul and HAl re- 
ceivers are as follows:, the Ul receiver (used in 
the G-type handset ) should have a resistance of 
about il5 ohms ^ thc,H^l receiver (used 
in the F^type handset) should have a resistanc; 
of about 24.5 ohms. 

19-25. Transmirter. Since the resistance of a 



transmitter is vlu(iable« testing it with an' ohm- 
metoc U tm very reliable* If you ha<re reaspn to 
believe thft the^ tms^ is deieistivet replace 
ii 

to be good and continMe with the tn^bleshooting 
proaahjyr^ 

19'26, Dial. The dial, ^f course, does not^ 
have specified resistance iraiues, but you can 
check the operation of its contact! by using either 
, the teIcfi|K)ne test or the multimeter. By 
' connecting across the dial contacts, you can check 
them Cor continuity when they are .closed and for 
breaking the circuit when they ^ QP^^ 

19-27. Capactwrs. When a regular condenser 
tester is not avhilablc, a ringing or talking capac- 
m)r can be Recked with an ohmmeter in the 
'following manner. 
^ a. Disconnect the caj^acitor leads from their 
terminals. 

^ b. With the ohmmeter set on its high-resistance 
scale, connect its leads across the terminals to 
i:harge the capacitor. 

c. Reverse the leads ;^d touch the capadtor 
terminals; the ohmmeter should show a momen- 
tary .deflojction (kick) as the capacitor discharges 
and then recharges in the opposite direction. 
* d. Reverse the leads (back to the first posi- 
tion) and agahi touch them to the capacitor ter- 
minals. The ohmmeter should again show a mo- 
mentary deflection ' as the capacitor discharges^. 

e. If the capacitor will not load up and dis- 
charge in both directions (as indicated by de- 
flections on the jneter). replace the capacitor with 
one that is known to be in good condition. 

19-28. This completes our discussion on the 
testing of telephone components. We will next 
consider the principles involved in testing tele- 
phone "circuits. We will use some representative 
circuits to show the use of a telephone test re- 
cciwr or click set. Before we discuss these tests, 
however, we wish to point out that the same type 
of continuity tests may \x pe^oimed on any 
telephone txtomi simply by using the wiring dia- 
gram (foj the sepecific telephone) to trace out the 
circuit and establish the test points. Also.- similar 
continuity tests can be^ performed by using either 
the telephone test fict or the multimeter. 

19-29. Testing' the Transmtttef Circuit To 
cover the ^neral principles of telephone circuit 
testing: v^e will explain a continuity check of an 
example-telephone transimitter circuit in the fol- 
lowing paragraphs. With this telephone, if it can 
neither transmit nor receive, you must checl^ the 
transmitter circuit before you check the receiver 
circuit. While studyin| the transmiucr circuit, refer 
to the simplified diagram shown In figure 44: 
NoTe that the "RED lead hafc bAfi disconnected 
^om Lhe R terminal of the induction coil and that 
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Figure 44. Transiaitter test. 



a test receiver and battery are conn^ed to 
the RED lead. T^us point of connection is iden- 
tified with the letter A irt^e illustration, and it is 
one of the test pointi iis^d it fJI of the tram- 
mitter tests. The other ^€ .t isad is extended to 
points B, C D, , nd L 4S the tests are made. 
Before we coniider the trananut^r tests any 
further, let us cxaiSinc the circtScwnponents be- 
sa points A and B in figure 44. You can see 
that a RED lead extends from test point A to 
the RED termipal cn the handscL Also note 
that a black (BLK) lead extends from -lest point 
B £0 the liLK terminal on the handset 

19-30. Although it is not shown as such in 
figure 44. we assume that the telephone trans- 
mitter is ccmnected between ^rminal* BLK and 
RED in the handset. The tranjanitter, as you may 
recall, makes contact with th^e terminals 
th^^ugh spring coatacts in the handset With the 
u^mitter in place i^ th? handset, the circuit 
should be complete fron! test point A to point 
B. To test this circuit, connect the test receiver 
from po'mt A to B ai«i tiien blow or talk in the 
handset transmitter as you listen to the test rce- 
ceiver. If the sound ©3mes throu^ the test re- 
ceiver satisfactorily, the cirojit from point A to 
point B is all right However, if the sound does 
not come throuj^ the test i^eceivgr, the transmit- 
ter or one ^3i the coniifcting leadt (REZVaiid 
BLK) is defective. Wl|tf^this is the case, test 
the .transmitter and qw.lead separately to de- 
terminewhich is at 
1%^. Whenuhi^ist sfabWs that" the c&tait 




from test point A to t^t point B is functioaing 
properly,, the transmiucr and its leads are not at" 
fault To perform the next tMt, then, move one 
test lead frrom test point B to test poim C. This 
connects the test receiver from poim A to point 
C and allows us to test for continuity through the 
dial pulsing contacts between points B and C by/ 
blowing or talking in the trananitter. If this tes/ 
is satisfactory, move the test lead to poim D to 
test the continuity of the hookswitch contacts be- 
tween points C and D. If the hookswitch conticts 
are satisfactory, move the test lead to. point E 
to test the yellow lead which extends from the 
hookswitch to the induction coil. If these tcsti 
prove to be ^satisfactory, you can assume that the 
transmitter circuit is functioning properly. The 
aext t«t thra is that of the receiving circuit 

19-32. TatiBf tlM Recdrer Clrcutt. The re^ 
ceivcr circuit tests are illustrated fax figure 45. 
When you check this circuit, you determine the 
test results by clicks heard jn the telephone, re- 
ceiver only. You %hovddjpsf no attention to the 
clicks hfturd.in the test receiver. Funi»imore, 
th«e receiver tests ar«.' performed sMiy after you 
know the phone tra/isoits. Again the" A pou- 
tion 'is the test set's* lead at tbe disconnected 
wire of the R terminal, but the B, C,^D, and E 
posiii)9n$ aft aot ti^ same as those used for test- 
ing the transminer circuit 

19-33. Before we discuss the receiver tesa. 
examiofr the dicuit betw^ points A and B in 
figure 45. You can see that a RED lead extends 
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from; pcini A t^o the icrmiiwl RED 13a the hand-' 
»t':%iso« note thtf^coiuiucton eseni4^\|hroygh 
theshajbdset-caiue^ ti^^^W 
to two receiver tennmah as the oppoiitc end of 
the -handsel. Although it ^ot shown in the il- 
tustfatton, the receiver unit (when in plaM in 
tl|e hanc&et)' completes' the drcuit between thc^e 
two tenninals. Thus, whra the receiving unit is 
in ptpce in the haadset, the circuit should be com- 
pleted from point >^o point B via^the RED and 
.WHITE leads an^ the hand^t redeiv*, If^this 
circuit (is godl^^brndition^.^Oj^^ the lekt 
reads froifiC point to point B\auses a dick in 
the handset receiver. If a click is 4iot^ heard 
when this itit is made, it indirat^ that* the cir- 
cuit between points A and 6 is at fault. When 
this is the ca^, you must ^tjiie leads tind the 
receiver indjvidually to locate the faulty unit. 

19-34. When the test indicates that the circuit 
is in good condition betweeo poins A and B, 
move tha test connection from point B to point 
C. This t^tends the^test ^jtroi^h the dial and 
hoo^wirch contac^, shown ^tween pk3iats B and 
C in figure 45. If^M hear a ciick in ?Kc handset 
receiver cfuring this^ test, the .circuit is in good 
condition from point A t^ point C. However, if 
this test does prfeduce a click in the re- 
ceiver, the circuit 'bet^n poinis^B qpd C is at 
fault, (This is assuming of course, nhat the pre- 
vii^s test showed the circuit from poinc A to 
point B to ^ in satisfactory condiiSbn.) To con- 
tinue the test.* move the lead to point D, thus 



testing the grceli lead and induc^on coil wincftng 
Ijctween pointt C and, D/ If this is satisfactory^ 
*mQ^ve th«^tljead.ift^po^ tl» le^jds ai^ 

capacitor bctweci^ fKsujis iJ and E. Once a^ain, 
when a test indicitcs that the circuit is faulty be- 
tweesr two ust pointi then ^e components'^* 
tween these two test* points^nust. be tested in- 
dividually to locate^the faulty unit. . 

19-35. Dial Tnmbtcs aoj Adju^ttaents. Beforq 
we discuss the troubles ana adjustmerit of dials. ' 
iet's review the actions of the dial and their ef- 
fects on the telep^lone circuit. You can see in- 
the circuitV of figures 45' and 44 that the receiver 
and transmitter circuits are^wircd in series, to the 
hookswitch and the dial pulsing springs (spring, 
contacts between ^ints B an€|^C in figure. 44). 
These pulsing springs are normaily dos^. They 
open only while the dial is leturaing to n<mnal 
after a number has Seen dipled. They and 
close duripg this period the same nunftuj^of times 
as the.4igit dialed. For example^ i^^e number 
dialed is 6, these pulsing springs ofiQ^ and close 
6 times in order that 6 electrical impuise^may be 
transmitted to the central olTi|fe. T« keep these 
pulses from being heard in thtf recewer as clicks, 
the rcceivcr^is made inoperative during tht^Viialing 
period by ^he dial shunting s^ngs, which cither 
open the receiver circuit or short it out, depend- 
ing on the tjpe of^ial used. Furthermore, some 
dials h^v^ additional shunting springs to increase 
the strength of the electrical impulses. Their ac- 
tion^ decreases the resi|fanct of the telephone by 
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lihortiag oux ciUier the transmifbr owhe tranS- 
mitier aod a portioa o| Hie ii«iwmo^coil.i»hiIe 
tlic dial is aor la the .aonaal rest -positioa; « 

19-36. Dial speed U on imixmani factor iii the 
operation of the teiephene system. If dial speed 
' iS traproperiy adjusted, ' the- subscriber wili wt 
wrong numbers #om coiwft diaiing procedure. 
With most systems ihf proper speed is 10" pulses 
per second, though it caa- vary slightly and" still 
be effective. The speed is most accurately 
checked with a dial speed tester. There are var- 
ious types of dial speed testers on. the market. 
Each tester should be ^sed in- acfJortiaace With 
the instructions furnished ^y its manufacturer. If 
no test set is available, {He speed may be tested 
(as mentioned before) by string, in an ordinary 
conversaUonal way the words "one thousand an* 
one" while letttajt the dial return to its normS 
position from 0 jiosltion of the finger platev Since 
u rakes approjumately 1 -second to say this phrase, ¥ 
tbc dial should stop just as the word "one** at 
the end of the phrase is spoken. 

19-37. The lo^uibn of dial troubles is com- 
paraUvely simple but varies with -c^fferent types 
of diais. Generally, when looking for dftU.laulis. 
you check the cleanliness and condition*" of the,- 
spring contacts, see that the moving i*rts ppcrate 
properly, and check all wires attached to the dial 
to make sure that they are tight and not shorting 
out. ' • . - 

W-38. The dial should require no lubrication 
for several years. However, under extremely dry 
circumstances or dus^y conditions the bearing sur- 
faces may. need lubrication in order to continue 
thqir -smooth mechanical performance. If it be- - 
comes necessary to lubricate the dial, use an ap*^"* 
proved dial lubricant only. Also, wifjg the exctism 
oil from M dial surfaces, as the oil tends to' 
-vc^ileci din. Furtherrtore, keep oil away from tfie 
inwmal pans of the governor drum. 'One fipal 
statement about the dial— it is probably the best 
poiis;v to, replace the dial assembly whes^ever it 
fpatftmctions. Of cour«e. if a replacement unit is 
not avjikbie. it will then be necessary to correct 
.'he trouble to the best of your ability. 

19-39 Hookswifdi Maintenamx. The hook- 
switch used with the modem subset is ill^trateH 
in ^aptfs^ 2 along with the 500-type tele- 
f^one. This switch is semijMrmanejtly mounted 
on the telcphon* base wtili rivets. The contacts • 
arc 'protected ^wfth a piasac cover that is easily 
removed, 'when ifccessary. Normally no* adjust- 
ment or attention' other than cleaning 'is ever ^ 
deeded on this switch. With otfier types of ^ook- 
^witche'5. however, you may have to adjust she - 
contacts or cveii^place the switch assembly. 

19-40. To mamtain or check out the hook- 
switch on any telephone, you must first under- 
stand the operation of its contacts. In many cases 



v. 



you must figure out the various comst positions 
by iQQkm^ M' tisc wiong^ diagrug ^lof 4h*. tele- 
; phone concerned. All telephones, ^hQwcver, hwc '^ 
certain simiiaritia in the operation «f iheJr heck- * 
switches. One opcratioo commoa to ^^e^Jj,, 
. phones ts ^at whea the handset is placed on its? » 
cradle, thfr hookswit<;h contacts* must d^onnect V 
the telephone circuiilry (except <fdr the ringer) 
from the telephone Une. Also, when the handset 
is removed from its fcradle, . these cdnt^cts must 
cbnnect the telephone circuitry to the line. In 
addtdon tp the. line contacts on the hooksviritch, ' ~ 
there are other contaiSts that function in^vanbus 
ways. For example, there are ciintacts bn some 
hookswitchcs thai disconnect the' ringer &6m the ' 
line whejf the handset is removed from its cradle * 
, and reconnect it when thfe hand£et is rcplM«i oo 
its cfadle. Also, the re«»fver drcujt is disabled on 
some telephones when the handset is placqii on-' 
the cradle, and it is reestablished wi(en the hand- 
set is rempved from the cradle. 

l9-4r. \Vhen tesK indicate that the h^kswitch 
is not functioning^ropcrly it is,us)»ally best to • 
replace the assembly, if if is replaceaWe.' WTifn 
the hookswitch is not rci*ceable. xhe subset 
>must be replaced when ihe malfunction cannot be 
''corrected. In some cases, howeve#, especially 
when li^operating parts art! bitu^iot' it njay be 
possiblffb free 'the mrchamsm by a small amount ' 
of lubrication. If you try this, 'howevet, be sure"' 
to keep the' lubricant off the hookswitch contacts. 

19^2. Ringer Maintenaiice. The rincer in the- 
common-battery telephone ^-(eii%r- dial^oV tnanP 
ual) is connected through a capacitor which 
- blo«*ks' the direct current and. passes the ringing 
<;;trent. It is necessary to Blo^ the Dq; other- 
wise •thjere would Jjc a permanent signal on the 
switsSlboard at tHc <tommon-battcry central office. 
Normally this caoadtor gives very little trouble. 

19^3. On'theVinger assembly, one of the two '. 
gongs is raovable\and the other is fixed. The a:. 
vibration frequency irf the two gongs <^ffers to ' 
provide a combined effect more pleasing to the'' 
ear. and to allow for changing the output for 
people whose hearing is impaired in the higher 
frequency range. Up to the point of j^ger tiini- 
oui, thu ringer will not suffer dema'gncti?atioR 
from line surges due to lighming -or accidenjaj 
contact with poweriincs. The rijsgcr coil, ftjft 
core, and gongs are the only of the ringer 
ihat may be rcp{ai»d at any maintenance level. 
^ not remove the ringer -coil, however, vmless 
facilities are avail^le to remagnetize the^jjcrma- 
nent magnet. When the rin^f magn*:t loses its 
magnetism, the bell wiii.not ring until the- magnet 
is recharged. Replace the entire riijger as a unit 
whenever you find if/defective. v • 

19-44, Nthvqrk .\s$c«biy. As ,we explained 
previously, most of the modern telephones arc 
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equipped witi^ a oe^work usemMy* X!^l;sd^ 
ivitliii^ tfait aiica^ ate thft tmirfftrnffr ^(iaduc^ 
tioQ coiI)/capacifoni« sttistors^ and v£ist0fs« A 
tenmoaji board, which forms a cover for the 
network a»Kmhiy« comiins the t^naioat 
for connecting the internal wiring and mounting 
^ cord. 

^ 19^5. The network compon^us are not ac- 
cessible for inspection or maintenance* The^ C2[- 
^ocitof^ used in this asses^y are seif-healix|g in 
rases of failure caused by high voltage surges. 
When a network element is defective, you must 
replace the entire assembly, 

19-46. TmsMittir mi RtceivM' Maintenance* 
We have 'discittsed the testixlg of transmitting 
and receiving circuits. When such ttsts show that 
eittor one of these units is defective, it is best 
to replace the defective item with a new re- 
claimed bniL 

19-47. IttitnnMat Cor^ The tips ol the cords 
and the conductors near the tips usuaUy suffer 
the greatest damage fitxn normal wear and from 
rou^ and carelcs^ handling. For this reason, they 



r«!|uire angular and close insp<«^OQS, ^When the 
coedt of itt t^» ^ 'defective,, the <ar4 
ifts^nbiy. 

l^r4S. ToikIhTom EqulpflMst. Those keyset 
cc^nponents which compare to the re^ilar tele- 
phone are inspected, t^ted and repaired in the 
samc.nuuuier as we docribed'in the {irevious 
pag«». To iUustnue, you inspect the handset for 
chips and damaged threads, the transminer and, 
r^eivef for dirtv and damage, the hookswicwh 
fre6 lever actiot\^ and pitted cdntj^icts,. 'U* 
in this sutoet you must also inspect the diJ 
pushbuttixn for free mov^ent Do not ast^pt 
to repair the electronic units at the station; instaU 
anotter »lephone set' and take thi suspected set 
to |be shop for maintenance. 

19-49. Soc^s in your career field wiU re-< 
quire effective maintenance U the telephone sta- 
tion eqai{Knent To insure that you understand 
the infottnation abmu this ^uipment whicl^ w)f 
have presented, you should promptly complete 
the chapter review e.'^ercisK in the workbook. ' 
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is AN INSTAH^-R£P AIRMAN, yotr 'are responsO^e iot iostajling Sad 
miinttin i n g the teleiphoi» lUtioa spparatus'used by'the Air l^oice. By 
completifls Voiuises 1 ftod 2 of this covm, you hsve letn^ abou| telephone 
princi{)iei sad teiephom insmunents (subsets). Very^ Httie has s%iU however, 
about coimtstias the tel^ooe to a c;^ie or tipe. o^about the imtoUatidn of sta- 
tion wiriag and apparatus. ~ , . > \ 

This text fVdluae 3) introduces you telephone instaUatiOii and' presents in- 
formafioo on ^ materials and attachments us^ in connecting teiei^nes aftd sta> 
tion apparatus. A&o, to cos^r die principiei of inAaiiation. some^procedurai steps 
are'given.'It is porated out. however, that these ste^ are used only;as a means of 
presenUng principles. To install telephcHW equipment vVcu m^t fallow the appipyed 
procedural sups which are used by your organization. ' j, 

Seine of tfa^ materials Uius^t^ in this volume are p^aps not used in faking 
new ialtaUatioas. However, in the performance of maintenance and repair on 
exiicing installations, it is quite Hkeiy that jrou will become involved with such 
items. For this reason and because you are a repairman as well as an installer.' it 
is believed that you should be familiar with materials which are still in use at many 
Air Force bases. 

In addition to the information on telephone installation, this volume explains' 
the methods .used in locating troubles in telephone installations and teiephone cir* 
cuits* In doing tho, it explains the troubleshooting and testing methods which 
are used by the instailer*repairman. 
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ONE OF THE dilif n^MOibiUtiM of «s io- 
, ,tfia»-rapAissHa is lasttUato of tele- 
^ixjot sabMls. To btcooM preifckjtt in this 
you niat Str ae(io&» tfat bts^ taio«^^ 
!^ lastvllatiap rak, Mod yoa osiui ^aetiee teie- 
pfaoDt iiminarion to dmilop tbe aoeessuy sidUs, 
2. For the pmpoiB of desc ription tnd discut' 
s»a, we ctn divide ti^tfboos iassaibotoa work 
ioto sevml steps: outiida 'iastillatioii, insttUa- 
tion (rf pR^ect(»r, insuk wire ms, iofiallation <^ 
iBstroment; and comiect&m st the t^nnixul^ Al- 
diou^ ill Asps will be eooiUisred in this voimae. 
Chx^ 1 prsseats only the buic knowledge 
iriiidi b pertiaent to sths^ pUaaiiig snd 19-^ 
stailadcm. work i»ictices. To psesen^ this ism- 
terisit tbe chapter hu beea divided into the 
lowidf sections: ( 1 ) d^nitkm^ and docxiption of 
a typical* telephone Catkin; (2)' installation plak- 
ninf; (3) tods and >!«ork practices; (4) solderix^ 
and s^^icinf; sod (5) pole pHmhing equijanent. 
snd pxind{des. 

1. P o flwHto ii mkd Poscff)|irto«< of 0 Typical 



■ used.* the tenninil<<:an mav be locattd cm a oed»' 
etfaik'dsiy a few' &et above gtjixBxl 

it Kt| iiSde tot fnftMlIi* ^> " iiid x&tixitestiBCi ol 
the teIepiiQi» stition gli ttev^y finftn tbe ter« 
mkat*can (town to and Including ^ ; user's tde* 

1-4. Subrt»doa Artm. Since we have discussed 
tdepixp^e^ system ams in genniC let us now 
coQsicte ^ lubstatioa arte in more detaiL 
By re&ning to figure 2, you can sec^the outside 
poftioti of ^ substatiott^^ The dsop wire n^hich 
es^ftds from the can cm the tenniAai pok to the 
^tvacket on tiuT coro^ of . d^ bofldMg is called 
the drop. The wiring 'which extends from the 
bracket on the comec of die builcUng to 4he pro- 
tector isxaited the.4top wire run on the ^ding. 
T^e entire length of wire from tbe terminal pole 
to the protector is the drop wire mn. 

SS. The protec^r witji tts ground wire, also 
shown in figure 2, is^^a likening arrester which* 
protects the installation fcem the hi^ volta^ and 
current; asso^atad with lightning, crosses with 
1 r Th* ™f h^xsm « ♦ P*^^ and'Othcr cotKiitioos, Some of these 

thii«?L^S22^^ protectors are et^iipped with ^uaes wfaicb 

d»mM^ kn&wledge ot t^ej^on^^^ station ^ ^^^^^^ . ^ tqoipptd 

''''S^^J^.i^' """^^^iS^ wflh carbon blocks which shunt ui hiri»r^^^ 

iu»at»a mi^^ muit urn laiow wmcn ^ ^ 

wire serves as a aitnind 

^c^i^^^Ue telepiKa» syttm an? coiattf- fo^ u« ^protector%na also as a ground tor the 

"^•tl^l^ST^ AMym'^ see in ^^"^'^^^^^ °° Z^"*^ "^i^ 

iSgnre l.,.the n^fsSation includes that portion of ^ 
the telq^^oM sfstam wh^ estndi frcm the tel^ . ^ 9 

phone Una dym to tad indndfag tl|e use's tei»- 
{dwM 1MSL Aa»«showii ia ^ iOsstcB^m., the ' : 
«MepD0l>g lyMem copsnti of a ceauat roice atea« ^ 
a'iisit fiec^ a^d a^mhttstion ^est. ^Ose' ^«of i^pl < < i 
die line yiea \Kass^^ at. tbe central pfl^ and ^ ^^Ml^ 
the odief end tsrsdiiattt at a tesninatctt of box * r v j 
^Mdsb ii to cit cd mk, die H iil^ing ^ly f bouiJns LpH^J ; 
^ OB the. bass.. . . ImcF : 

X'X For overiiead Unes and Sables, the ter- ' ahea . ' 

oiniisamas ncnta&y k)C«ted^att a poi& v^acent 

to the bini(^i|gs<' Wben undergconnd cable is • . /^Figm* \.. Sabstatkut xs». 
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which lead} into the building from the protector 
is ftgrmaily rtfcntd to as inside wiring. This^ in- 
side firing may extend Jor a coasidcrafaic dis- 
tance inside of the building or it may otily extend 
through the wail, as shown in figure 3, In any 




Figun 1. Inside portion of suhsxftdoet 



event, it is normally terminated at a connecting' 
block which permits' connection to the telephone 
cord. In figure 3 the connecting block is shown 
just inside the wall from the protector, and the 
telephone cord is shown connected to the block. 

2* IiufallatfoR Planning 

2-1. As an instaUer^repairman* you should 
pian the instaiiatiton of substation* very carefully. 
A great deal ot confusion, many headaches, and 
much expense may be avoided by following a 
planned procedure in doing your msvk. Piannigg 
may be defined u the act of prearranging de- 
tails. Good planning results when such fteton 
aG job quality, time, and expense are considered. 
I^tennining in advance the steps required for 
solving a parti^uiar problem or doing a job is not 
a difficult undertaking. The trouble we get into 
is ^neraily caused by no plans or incbmplcte 
plans. AH plans have some merit 

2-2. Your first step in planning for an instal- 
lation is to get the iBformadon which is on the 
Local Commmui^ons Service Order. From the 
service order, you ca^ obtain such information as 
the type of, service reciucs^d, the location of the 
instailidci^ mi the mmmrl of the pair which 
has been {assigned for the ins^llation. Mer this 
information has been obtained, the. assigned pair 
or dituit should be 'tested with the test board. 
You should go out and talk with the subscriber 
to determine die desired location of the subset 
and if there ^ any unusual activities that would 
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Figurt4. Avoidiag trw by ictoioo of buildini 
ittactunent- 

a£fe« the instaUaiioiL It is also important to look 
for coiiditions thut may affect the Mmpletcd in- 
stallation ai a later da^ such as the use of 
cranes or booms within the area, plamied build- 
ing expansion^ snd temporary buildings or par- 
dtioosl 

2*3, Aftci obtaining the basic infonnatioxi, 
you ate ready to plan the Routes for the outside 
and inside wire runs and the approximate loca- 
tion of the bjiilding entrance holfc. To be effec- 
tive, your plan must take into consideration such 
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factors ^ wire clcwraces, protection rcquire- 
mentSt and^ eqaifunent and niitfri al s needed, 
2-4. m» €\mnmtm ^^^^ te^" 



phone inttiluAin, ymi must consider wire clear- 
ances. Gear^ice spedficatlons for outside wire 
>nmi con:<S4 of thely^^ bettteen the 

' ground level and iw lowett pdnt in the wire 
span* axui the separttifft betvimm tbs telephone 
wiring and ejosltng object* other scrvicca. In- 
side wir^ runs also rtqi^' specific separation 
from foreign dxtadea unless certain mechanical 
protection is used. The Air Force has accepted 
tbC'^arfoitt wire dearanra spedScatkra estab- 
lish^ by the National Electric Cocte. You must 
comply with them u>*inntfe s«fc, trouble-free in- 
staflatioos.. . Required deyraoces that affect an 
hmallation are stained in Air Force' publica- 
tions. Consult these puWfeations yrhcnever i 
clearance specification is required, 

2-5. Jbt outside installation, which' normally 
includes the drop wire and the necessary attach- 
m<mt hardware, must combine a good appear- 
ance with safety; that is, the installation must not 
endanger |wplc or property. Safety is of prime 
importance when placing drop wire near other 
wires or points from which the clearance is sped- 
' fied. 

2-6. In platming the drop wire run, you must 
consider its- appearance and decide whether or 
^ot the installation might cause accidents. For 
example, the drop should not run over areas 
where future building wori is expected, and it 
should be kept away from window fronts. If the 
wire will pass too cl(»c to existing objects or 
throng tree branches, plan a route for the wire 
which will provide the proper clearance. This 
may be done as illustrated in Sgurcs 4, 5, and 6, 
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Fiioia 5. Awidiat ti«e by ase of span ciamp. Figure 6. Avoiding tree by use cf Edditiooal attaciunc! 
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.^2-7. la figure 4, 1 trse has been 'avoided by 
the loeatioa idect«l for tbe am buM^ Ur\ 

, . tadUMot tA f*-^ Im bea avoided 
by attadii&g Ae'drop to an adjacent bufldiag/ 
Furthermore, ia fiftue 6, a tree has been avoided 
by using a span damp to attach the drop wire to 
the aenai cable In planning an insallation 
many feattues, such as tboae illun^ued in figures 

^ . . 4,. 5, and 6, can be (ised>to provide t{» proper 
- wire ciearinqe. 

2-8. When the drop wire must pass under the 
; sloping part of a root plan on placing the fint 
attachment (tbe'fim fastening of the wire to the 
^^ding) u oear the eaves as possible. Also 
make sore that this attachment win avoid maidng 
a swinging contact between tl» telephone wire 
a^any electrical service or radio wiring. The 
appwaiwa of the (&op wire on ti» building and 
the requirement for saving material dictate that^ 
■ the wire run should be made according to stand- 
ard prKtices.. 

^ 2-^. PrM^ctioii Rcqoiremcflti. The protec^on 
requirements for a station must also be coasideLd 
when planning its installatioa. The station p!^ 
tector shields the station apparatus (telephone 
sets and auxiliary equipmeot) against abnormal 
surges of currem and voltages from pow^ lines 
and Ughtning. Long aerial telephone cittniits are 
particularly subject to these afanormal surges. If 
protectors are not used on exposed telephone dr- 
cuits, the equipment may be damped and per- 
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sons, using the equipment may be injured. Under- 
ground cables which have no connection to aerial 
wiring are so well shiddai dut lightning has prac- 
tically no effect on th^ 

2-^0. Whra planning the protection rcquire- 
miBts, the following rale may be used in de- 
termining the need far protectors. A station 
protector must be mstalled at nU aerial drc^ and > 
block wire installations unless the following con- 
ditions apply: b 

• The service order specifies that a station pro- 
tector is mst reqnked. 

• No exposure will be introduced by the drisp 
or block wire installation. 
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Note: A drop or block wire is considered to 
be exposed under the following conditions: (1) 
when the wire crosfcs .or parallels below power 
liBM operating at 3Ck) or more volts, (2) when 
the wire bridges or connects to an open wire cir- 
cuit, and (3) when the wire^dges or connects 
to an exposed cable. 

2-U. All telephone circuits involving aerial 
cable or open wire ar»>generafly f»a«f^ H as ex- 
posed. Therefore, as^^ gemal rule, protectors 
are used with all instalitfions connected to aerial 
plant facilities. . . 

2-12. There are two general types of station 
protectors; fused ami fusdess. The fuses' in the 
fused protects operate from exnsiive disduur^* 
current; they dbconnect the station equioiaem 
from the Une. The fosel^ protector dreait has 
^,,__po^ contacts that are mamtainrd long enoa^ 
^» cause either the protective devices to remove' 
^thc equipment from the line, or tte drop wire or 
terminal cable to fail befortf the station ^ dam- 
aged. The design of each type varies slightly, de- 
^ pending upon the manu£ac6iref . TTie fused type, 
4 ^ ■ ■ 
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Figum 9. Pirmikl drop wiiv, jxckfited. 

shown ia figure 7, is geoeraily ..sed In conjunc** 
lion with aerial drop and block wire runs. The 
fusdesi type protector, «iiown in figure 8, may be 
used otiiy at statxooi served * directly from 
ground^ sheath cable. Both types of* protectors 
have carbon blocks separated by a slight airgap. 
One sijde of the airgap \$ ©sanected to the drop 
wire circuit and the other side is connected to 
ground. Excessive voltages, %wcb as those caused 
by lightning, jump acrou this airgap td ground, 
umiting -the peak voltage applied to the station 
equipment and wiring. 

2-13. \fatesiai Reqvbements for Ontside Wire 
Rubs. T.aen planning an installatioi}, you must 
also consider the material requirements for the 
job. You must make sure that your plan includes 
the proper ux3is« wire, building attachments* and 




Figofw 10. Psralki drop wirt, dscshbell. 




Rgun IS, Twisted ^« bkick wim. 

anchoring devices neceasary to ^mplete the instai* 
laiion. The normal drop and block wire installa- 
tion can be aca^m^Ushed with the regular installer 
tools plus any special tools which may sometimes 
be required. The materials, howcwr, may vary 
from job to job. In selecting wire for outside 
runs, you normally have three types to choose 
from: parallel drop, twisted pair block, and 
twisted pair bridle. A good installation uses the 
type of wire designed to do the job. 

2-14. Parallel drop wire is prin^arily intended 
for use in span runs. We mean by this statement 
that it is the portion of the aerial wire that ex- 
tends from the open wire or cable terminal<an 
to the first building attachqaent Two types of 
drop wire are Ulustrated in figures 9 and 10. 
The jacketed parallel drop wire shown in figure 
9 is the most copimon type used in new installa- 
tions. The dumfabeil type shown in figure 10 may 
be found already installed at many established 
bases. In figure 9. the tracer ridge on the seo- 
prene jacket always identifi« the ring wire. The 
cotton serve adds strength to the drop wire. The 
fin between the ^two insulated conductors pre- 
vents them from shjfting within ^e jacket: yet 
snakes it easier to separate the individual wires.. 
Parallel drop wire may aI$o be used on , building 
runs to avoid the nixesiity for splicing. For 
economy and ease of handling, however, twisted 
pair block wire is preferred foi^ use on building 
runs fthe portion of the drop or block wire ex- 
tending l^tween the first building attachment 




Figure 12. Twisted pair, bridle wire. 



and the sotion protector). Twisted pair block 
wire ii also uicd as an imide duct wire wlj«« 
extnne ixNOfenp It Jceieitf. U is aofsaiUy not 
used in spaa nias, aitfi only in the buiiding^o- 
building ipans if the length is less than 35 feet. 

2-15. T«isied j»ir bridle wire should be used 
for connecting open wire dreuits to pole-mounted 
drop wire and cable terminals; it imot used, how- 
ever, in, span or building runs. Twisted pair, block 
wire, and twisted pair, bridle wire, are illusirascd 
in figures U ^od 12, respectively. The "difference 
* two IS not readily noti«*able. The 
conductor in ;he, twisted pair block wire is No. 20 
gauge {0.03l9-lnch) copper, cqppcr-sied or 
bponze, whereas the conductor in t|xe twisted pair 
bridle, wwe Is No. 14 g«up (0.064(Mnch) an- 
nealed copper. Twenty gaiige block wire is-uscd 
for the nonnai subscriber tefephoae lines, whereas 
the 14 gauge bridle wire is used for toU line and 
teietype circuits. 

2-16. There are various types and kind? of 
building attachments and anchoring devices for 
supporting drop and block wire runs. Just as with 
wire, these attachments are designed for specific 
uses. The following conditions arc to be con- 
sidered whca.sciectint aUachments: ^ > 

• The' number of wires to be supported. 

• The building, surface (frame, brick, ma- 
sonry) on which the wires are to be installed. 

• The storm loading district. (The load 
placed upon^a pole line by the wind and ice in 
combination with the weight of the line comtp- ' 
neats. ) i 

• Whether the installation is exposed or un- 
exposed. 
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Figure 14. Hammen. 
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Figure 13. Pliers. 



Note: All exposed building runs should be in- 
sulated from flammable or condyctiag surfaces. 
In other words, support Oie wire so that it does 
not make contact with the building. 

2-17, Types of building attachments are listed 
in pertinent Air Force pulstications. Also, many 
of the attachments are illustrated in Chapter 2 of 
this publication. 

2-lS. Material Reqnirenients for Inside' Wire 
iRuns. Th? materials and equipment needed for 
placing iniide (station) wiring is usually 'deter- 
mined fay , the firing facilities already available. 
Many lar^. modern buildings ? are constructed 
with conduit systems that carry the inside wiring. 
In planning an installation of this type, the ap- 
proach is to obtain a drawing of the -conduit sys- 
tem. The drawing shoul^^dicate the type 'of 
conduit, the duct routing oRruns, and the location 
of the outlets. Foj^ buildings without existing wir- 
ing systems yo^ust, of course, plan the inside 
wiring system -and .determine the required ma- 
terials. 

2-19. Three types of wire are generally used 
for station wiring: plastic-jacketed station wire, 
block wire, and cross-connecting wire. Plastic- 
jacketed station wire is normally med for ail 
station wiring except where the runs art close to 
heating ducts, furnaces, or other locations where 
temperatuiiK might exceed 21 2« Fahrenheit 
Also, plastic-jacketed wire should not be used 
where there is ^.^p<Mure to extreme moisture. 
Block wire snoufd be used where the wire will be 
exposed to either extreme heat or moisture or 
where the wiring extends outside, the building to 
outdoor telephone sets or extension ringers. The 
attachments for supponiag inside, wire are also 
illustrated in C2japter 2 of this, volume. 
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2'2Q. Aft^r your fmlininuy plus we oan- 
plete for ^ wise tuas, rechedc and nuUce ^tun 
that all parts of yoor plan fit togetber. You nuy 
fiz^ ft neeesitty to tcvIsq your psapatod wire 
rout);^ because o£ dcanmce and ssparatkm .re- 
quiieifte^ls, insidatiaf pral^nn, df byHdi&g 
conitr\ictioa, or^otfair obttades. ' Rfemember, a 
little more time spem in planning- any wodc ze> 
^ts in fewer problems and less time spent in 
completing the job. 

2- 21. Up to this point, general as«jtf that the 
instaUer slusuld consider in plapning an installa- 
tion have bwa eyplaine& To peip you ^y 
th^ requiresxenti to an actual instillation, the 
details (or installing a telephone station ixill be 
coveted later in this pubUcatioA. Before we dis- 
cuss- the installation, howavtf, we wish to ^sriefly 
acquaint you with installer tbols, sol^tering, and 
pole dimbisg. 

3. TooU and Work PraetleM 

3- 1. Many and various types of tools^ us«i 
by outside plant personnel In comparison with 
those used by tbe c^bie splicos and outside wire 
and antenna specialists, relatively few tools are 
requiredf by the installer. Good* tools aad equip- 
ment. Kowem. are essential to the performaiu:e 
of instailatiott and maintenai^ wi»k of any kind 
Without proper tods, it would be impossible for 
th^ instailer-repaixtnan to ios^ and maintain 
telephone .lubstations. Furthecotore, without 
proper tools and knowledge of Wr^to use and 
care for th^ tbe installer win waste h^ time 
and may injure himseif or some of his- fellow 
workmen. 




PIfQit 17. Brm tad biL 



3-2. Although it may not seem important 4X 
the momen^the proper sdectioxi imd use tools 
is' a part of every installation or rei^ job. In 
fact, learsinst to selKt and use tools in the proper 
Tnaimer is {utrtu^iy the most important part of 
leamix^ tbe jc^. Before yois^ can select the tools 
for performing a giva yoa inust know what 
tools and ^{oipment are hiisinaUy available. The 
tools used by the ins^er*repairman are covered 
in technical orden on oiit&4e plant oanstniction 
(TO's of the 31-10 series). 

3*^3. To leam how to use tools of any land is 
mosdy a matter of i^actice. Anything that could 
be whtten here wcmld xK>t te^^ you to be prefix 
dent in the use of inMller^rii^Murman tools. The 
only way in which you may become grofictent in 
using tools of the trade is ^ {ira^dng their use 
under tbe^^uidaiice of a well-qualified technician, 
To iuslp you in getting starts with installer-re- 
pairman^ tools, die following informatios* h given 
for a few tools ol the tr»fe. 

3^. PHkb. Time types of pliers wfakh att 
used by the isstaUer-^epairminare fflustrated in 
figure 13. These types ait tj^pl^eman's pliexs, 
the diaip^ml plto, and the long-^iose pliers. The 
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Uncmtn's plien arc skie-cuttiflg jplkrs with blunt 
jaw», having,! scoted gripping* siirte at the 
^foat and cutting edges on; Ae stdie.' They ar^ 
used for cuttirig wire, for nicking s«lid for 
breaking, for holding wire for 'Wending and tWiij. 
i«g« and for crushing and stripping insulation, 
the diagonal pliers, with cutting jaws set at an 
angle of aboot 15^^ with the handle, are used by 
the instailcr-repainnan fcr cutting small wires. 
The long-nosc plien have icng, Render jaws, flat 
on the inside with scored gripping surfaces near 
the tip end TScy are used in holding and tjend- 
ing wires for -attachment to tcrmuui lil^ aA4 for 
gripping small objects not accessible to the 
' fingers. 

3-5. Pliers should be used only to dckwork <br 
which ihey are designed- They, should' not be 
used in place of a wrench as this will damage 
both the plicra and the equipment NtEver forc^ 
pliers beyond their capacity and li^'l cut steel 
wire or hard rivets with diagonal spt lineman's 
piicrs. ' , • A 

3-6. H^mm . Rgurc 14 illltetrat^ a linct 
man's hamx^er and a wooden millet* The^iin^e- 
man's hammer is approximately 15 inch« lon| 
and has a 2-pound double-^^ced hcad.tHth a 
wooden handle. It is used for driving lag screws 
and thni-bolt$« ami on heavy Uk work%%'^ich. 
requires an accurate, heavy-duty hammer, TJie 
wooden mallet is used for driving axuj forming 
opcratiois on tools or materials which might 
easily be damaged by blows from a metal^faced 
hammer. 

3-7, When using the hammer, it should be 
held iiear the end of the handle with its 
paraUeled to the worit A grip just tight ei^uj^ 
to control the blow is best Raise die am 
straigbtiway from the objec; to strt^ and 
then brmg the hammer down on it with a qukk, 
sharp motion* Practice is the only myi^ni by 
which you can learn to use the hanmier propi^y. 

3-5. Most acckients with ^att^^rH*^ are caused 
either by using them improp«iy or oy using a 
hammer ^hen its bsad is lo(M on the handle. 



When head u Iomc on the iuuxUe, ^ i^ likely 
to fiy oj^ liid m smoiii «Ist ju]r 
be ifi die lifM. Also, if your hands ane oily or 
greasy^ the luunmer may slip, damatlng the worii 
or injuring y«tu your £eilow wmimifin. , . 
/ 3-9. Sm Figure 15 iUustntes a h^K^w 
and a keyMe uw. The hukaaw is used by the 
installer to cm piecQS^of pral, ^sSaksi^ etc. Its 

t[ne is normally adjiutable to use blades from 8 
16 inches in length. Tb^ poixits (tf the ^teedi on 
ihe blade should point away \ from tl^ h«qfj |f 
when the bla^ is pn^pesiy attacfacd to the ftame. 
With the blade Uis^ted in the £nme in th^ 
mann^, the sawing sbouki be dbiUs by nKiving - 
ti^ saw fc^war^ ^ds a 1^ steady* stroke. As 
the tnd of the ^troke, relive the pitssiure aiSi 
' draw tl» Jplide strai^t l»ck, making nb cut on > 

the back stroke- 

• *■ «. 

3-10. Hacksaw blades are normally provided^ 
with 14 to 32 teedi per inch. Blades With 14 
teeth per inch shoidd^be used dn heavier mate- , 
rials where the coarse pitch of die teeth ^^^^ 
the savH free and fast cutting. The blades with a 
greater number of teedi are used on thinner ma* 
terial. For example^ a blade with 32 teeth per 
^ inch ^ used on thin-wail tubing, conduit, azui on^ 
sheet metal thinner th^^iS gage, 

3-n: The keyhole saw has a tapered blade ' 
and is used to* cut along a curved ^ne, and to 
start a cut for a larger saw. 

' - 3rl2. Draw Knife. The draw knife, Uustrated 
in figure 16,iis a very importan.^ tool to outside 
plant personnel. It is 'used to smooth poles, re- 
move gaff marks, and to shave away excess 
woQiL It hai^ a singlc-bfevfel, laufe-edsjed, steel 
^ade and is ^proximately \Vi laches wide and 
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Figure 2L ScnrifdriverL 

!2 inches long. It has vrooden handles at each 
end and at right angles to the blade. ^ 

3-13. Bnc« and Bit The brace and bit, il- 
lustrated in figure 17, b representative of ithe 
drills used by the installerHrepunnan^ Many 
types of bits; up to 24-lnch len^hs, are used by 
the installer^ drill holes in walls, floois, etc. 
Carc-wsr>9e tak^ in uimsg die drSl |cr: pra||Ptit 
damage to the head and cntter point Also, care 



sho^Id be takos t^t to' drill liitb elec^tmal wtrin^ 

"^^^t^^^^Pti* >MPW^ fflt iai i'attf Mt Jkii^ ^M>ed 

any of several l»ts* Hie i«isd cap pennits pres- 
sure to be a^jUi^ asji^pwt is gives to the bnee 
when )W>IM •» be|Q drilled hi 

Wood CfeM. 1l» md chisel >viii its 
blade guuti b illnsfattd in figore 18, The chad 
shown his a singie^edffed, fieel* 2*uidi cnttisj 
blade with a wooden handle. Tl^ chisel is used 
to reaunie chips or sectictts of wood in framing 
poles. Tl»e oaterials may be removed by hand 
pressure or by urfldi^ tlMS end of tte chisel 
handle with n wooden mallet ^ 

3-16* FSti* Hies are »ed for cutting, ss»>otfa- 
ing, or ttmoving small amoontt ti metal Tky 
vary in kngdi^ sh^e, and i& Uiie cut of the teeth, 
providing files for vancMis piirposea. As lUus* 
trated in figure 19^ thie file may be of eidier a 
singie<ut double<tit type. Wooden hamtifs, 
whidi slip over the tanft are provided to prottct 
the hax^ of anyox^ using t|^ fSle« %\ b danger^, 
ous to i»e a file without a handle ai die end of 
the^tang is usually rather sharp* As anooitaller- 
repairman, you will need files in touching ^ 
your climber gaffs and in sharpening and main- 
taining your other tools. 

3-17, WmcfaiS. The wrenches illustrated in 
figure 20 are represratadve of thme used by out- 
side plant personnel The adjustable wrench is a 
^i^ral^urpoiie tool and is used for holding or 
turning nuts and boltt. The lina:nafi's wrench is 
^ open^nd wrei^ with two openings of differ- 
^ent st» at the ends. It is used on carnage bolts, 
lag screws, crt^Mrms bolts, and 3-bolt guy 
clamps. A hole at the larger end is used in 
pghtening or turning in pole st<^< The most im* 
portant rule in using a wrench of ^ kind is to 
make certaia &at it is of proper size so tiiat its 
jaws ^fit the nut or bolt properly, 

3-i8. The best way to tighten a mxt with a 
wrench is to turn it imtil it has ,a firm, solid 
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the bolt Bspmeaefakm^mt^opt^mBflt 
**feel** wbieb will iaible you to dg^tea a moT 
stud,.43r cap-fCR^ tb^ pcoptr defcee. Brm^ 
umil^yott kaow'you hive auutnid this toK. 

M9. Sm w to i Mu The wwefaiyw (see fig.- 
21) cffiiiiitiaf t bftdp wi^atipil^pedto&tin 
the drivisg slot of t screw, §xd t ^ihapk or tisg 
Mcureljr fttteaed in a driver handle. Tlie -fixed- 
blada serewdriw, ccmststdig of is iottip^ 
and handle, is used at a gesena-pwpoee sgew- ' 
driver for many kinds of senwf. It ^'fbro&d 
in various sizea fio fit the varfoos screwi. 

3-20. The ratcb^ scEewdrivw. with its blade 
and handle, pcovida ri||tt- and lafe<haad ratchet- 
drive action, or rigid-Kirive^ action. - The spiral ' 
ratchet screwdriver, in which drill 'bits and other 
^ a phments . as well as the teilrdriv«r bits are 
used, is rotated by poshing oi v^e haxKile, or is 
locked to provide r^ action. As iSiimated in 
Hgure 21. screwdriver bits are also provided for 
use with d» bit Inwe. In addittoi, some fix«i 
screwdrivers are provided with a saew-holdiag 
dip, as illustnted^ in figure 21. 

3'21. When using screwdriven, yaa can avoid 
most trouble by selecting the rigiit sise and kimi 
of screwdriver befisre you start to woxfc A screws ■ 
driver should be selected whkh.fits the slot ia the 
screwhead. leaving very little j^ay along the sides 
of the bit. Some play must exi^ along the sides 
of the bit however, to iniuie that the bit can 
fully enter the slot If the bit caniwt fully enter 
the slot. ±e screwdriver will slip, damaging b&th 
the screwhead and the screwdriver. 

3-22. The screwdriver wm deiigned to loosen 
and tighten screws. Don't try to use It as a chisel; 
you'll only ruin tlus handle wad chip the bit 
Don't use a screwdriver as a pry l»r. It was not 
designed ffx this, axul it will only bend or break. 
Forthamore, never use a screwdriver to short 
across an electrical circuit The ciorent may be 
strong enough to arc and melt the screwdriver 
blade, ami damage die circuit 

3-23. When die point of a swewdriver be- 
comes nxmded or broken, it can aormally be 
ground back to its original shape. Dont gnad 
sway any ism metal thai^ necessary, as you 
don't want to grind past du! hanfened part As 
the screwdbriver bIJuUi becoBus woes, it can be 
dressed up and reshsped by using a flat, smooth 
file. 

3-24. Woiis PMieaa. To uxuiostand the plan- 
ning and accomplfidn lent of wc^ In ^ installer- 
repairman area, you must have a kiuswlec^ of 
teiepbooe section procedures. Not only must you 
be abk to plan« iistaU, and niaittttin telephone 
su bs t a ti ons, but yon must also be able to com- 



|^et» UmmMxdrmsdM in SGSordaiKe with isatabr 
lij^ied pftSbttJures. >Siflce tiie ' exact pcocedures 
aiui fcfflns us^ laky vary in 4ifiereat ^gasiza- 
tions, we will onf (iiscuss spiKific forms or pcoos' 
dares in this publi^oQ. We wb, however, dis- 
cuu the ffiwd for such records,^«loQg with the 
gei«ral procedures. It will be up to you to learn 
the exact fdxxo^ and ,pro«dures us«i |^ the 
or ganiz a ti on ta» which you are assigned. 

3-25, To cover ^ general practices used in 
the telephone sec|ion, let us assume that as orga- 
nizatksn on your base has requested that a tele- 
phaw be instjdled is one of ici buildingt This 
ttque^of course, is made to the base communi- 
cations of^er. Before diis officer can make any 
Siiristos with regard to tms ttlephoi^ installat^n. 
he mtut have answers to the. following questioos: 

• b a wire pair (either cable or opea-iine) 
available for the issmUation? 

• Is switching equipment available for con^ 
nesting this installa^n at the central office? 

3-26. To obtain answers to the above qiics- 
tions, check with the wire records clerk at the 
central office. This ^icrk maintains cable and 
wire records which ^ould mdic|tte the avaiiabil-* 
ity of aU cable pairs |6d wirrfon the base. The 
accuracy of his reojrds, however, may depend to 
some extent upon reportr^made by the installer- 
rrpairman^ that is, reporti made on wire or cable 
pairs used in installation. This points up the 
tfccd for you to accurately rccofd the numbers of 
all wir^ pairs used by you or your crew during 
installation* 

3-27. An answer to the question on the avail- 
ability ot switching'equipmciit will also be found 
in the ^tral'off^ records. From these wire 
and office records, several things conwming this 
prop(»ed telephone installation can be deter*- 
mined The most important of these are as fcl» 
lows: 
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Hgure 23. Electnc soldering gun. 
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Win pair or^ circuU avftOability. ' ^ ^uld turn m^ixiy exc»ui suuenai that wu tm' 

• Qfpe o| «ffieiu^ aitttli^ or i^ted, 4aldi^^(u^ tiiii ym m^yit ^f^^i^ tm it 

detail bef cm you turn 
ihcHild nmember that 
setv^ o^tfasr has a' 
Fim of > all in- 
tbc^cratpletad sarvice 



lot to do with Kitore 
fonuatioa extnctcd 



Vprivatt liDcfr • Alio, you 

# If parfcf lioc, the typc^ ria|| to%e uia* oidcr is ccmptete 

4*28, If tba wire irnxs ai^ the equipment are iuformatioa i^m^Ki 
availabte and imtaHatinn gl tLe^telephoo^ is ap- 
proved, tbe^iext stip in w^ procedures is 
tjbe iasuascl^of a LooU Commumci^pQl S^vice 
Order. When the base communications officer 
approves thf ins^Uation« tte serviee order vm^ 
then ,be {tepared Copiea^of sm» ordef are 
then tfurnisbed to^ the imtiiifowrepainiian« Tb^. 
service order is of utmtM importance' to the' 
installer-nspairman because it ia <^!pkee of 
pa{:ftfwork with which he is most directly 
eerned The s&rvice order is i^^^^l^t^ ^^e ^ 
insiaUer*repairman in tiu^^ loUowing 





orders heips the telephone office in maintaining 
accurate records. SecoxuiLy, ioformstion, such as ' 
materials used, is extracted fto^ setvto ordan 
for datt processing by the Air Foiee. 

3*32. It should be noted at this time diat the 
truck itted by ti^ ^^uadlerHfeuirman* 
instailatk)ns, may be kei^ fuU^^toeked with in* , 
stailation Tnatrriali, In this case, the inttailer 
does aU of his installation planning «i the' job ^ 
and also k€:rps a record of all n<*r*r ily usedL. 



^ a 

• It gives him the authority for doing the job. )^7urthermone,^hf must see that his truck is re- 
In other words, it is his ordd**'to ^do the job./ -^--^-^ 
. • It gives hnn the autl^rity fen* obtaining th«l^ 



nec^sary parts and equiptQ»t for cotppleting the* 
work. As a matter of f^^e must use me com*"^ * 
munications ijcrvice ordn to draw the needed 
parts and equippoent firom^ his sourde of supply. J 
• It fumtthai the tnstaUer^th such informa- ^ 
tion as the location of the jo^she Work to be 
done, the wire or cable pairs involved, the tSe- - 
phone number, ^d the type of service. 

3^29. To . continue with our assumed installa- 
tion, let us return to the point of receiving the 
Local Communications Service Order. When you 
recftive a Local Communications Service Order 
directing the installadofi of a telephone, you 
shotfid then plan the installati^ as mentioned ^ 

'earlier in this chapter. After [your planning is 
completed, you should then draw ^ oe^ied ma- . 
teriais and equipment for completmg the job. Of 
course, the materials t^wn must be recorded on 
the service order or W scAie sort of mat^ials 

^record. After the piaHn^g has' bqpn completed 
and the materills have be» drawn, you can then 
proceed with the job. 

-3*30. While making a telephone ismallatkjn, 
the JnstailcrH^epairmah must record numerous 
ite;ps« Fust of ail, the man-lK)un spe^t dn the 
jqb and maffffiff used mutt all be reports 
$ecoi»ily, 22 ;^e }cb is competed, \im wire or ^le 
pair used, ti^ pole mu^^, and any (nho* petti-* 
Mnt infraisatk^tt must be recorded on the Local 
Consmtmicatksns Service Order^It is~ important 
that you do th^ mo$t accuratcTy tov $$mt jfc^ 
te!epbb]|e 0^ In keeping good records. 

3-31. ^^Mt«r the hsstallatioQ work has been 
comf^tetcd, you, mwt then complete and sign the 
b;ervice order. Before ym do this, luiwevcT, you 



stockol daily. 

4. S«ic(ftrinfl and Spilditfl 

4-1. The installer-repairman must know sol- 
dchngted spUcing as they apply to tele^ne 
ii^^^Uation. This section contain information 
^hich will provide you with some basic km>wi- 
cage of solctering and splicing procedures. To be* 
comi profkient^ however, you must {^actice sol^ 
dering and spUcing as often as you have* time. 
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4-2. The.wirisg tor % lekpiu^ system mutt 
be sdid iml sizong enmi^ to ts^ad for tbe ■ 
period it b to y^tedi' It is easy to Mgieet 
details of instftUatiod mikb caa rtsalt i$ equip-^ • 

faOure. Spliecs are desigaed Ids {Mnnaoeat 
conoection; Vatt^t^ tbe^mm be tncdiinlraUy 
strgng and eketridally perfect. If tisey are oot. 
th^ often become a' souree of teieptooe droxit . 
trouble. Every issialler^repairmaa shcHiId tie 
able to spUbe and solder teiepboot'.wixing ami* 

■ * • ' 

4*9. SolMug Eq«i{mciit |oIckxing is the 
heating of a fusible allojEf^until It mdts and in- 
closes the contacting surfaces of two or more 
metals to be joined. Whox this combinatk)n ^ 
(metals and solder) eoola, i$ hardeifts to bind aO 
the eiements tightiy togeth^. When wire connec- 
tions are not soldexed, the oxfgcn in the air 
combines with the surface of the metal, forming a 
corrosion^ This ccmosion of connections of{^ 
additional electrical resistance to the circuit I! a 
connection is properly soldered, the oxygen of the . 
air cannot combine with the surface of die metal; ^ 
thus, g3rrosion of the connection is prevosted A 
soldered connection mflinti^inc gey>d contact and, ^ 
at the same time, does not loosra readily, ^tmi 
vibratiotL ' ) ' 

4-4. SoU^r. Various types of solder/ soldering 
pasteoond flux are fumiii^.by manufactu^ 
for different kinds of soldering ^i^»rL For teie- 
phoi» and el ec t rica l wiring, it is best to use a 
rosm core soldet which is tnade in the shape of a 
Wirt' is roUed up on g n»£taf ^Kxrf, The 
center of tiiis wifiriike solder is Imllow mi it is 
fflkd with a rasin putt, which is pt t^ »r tor 
electrical worit Octor type! of solii^ sfacmld cm ^ . 
be used on eketricai conMeti^ns as they may do \ 
more harm than good. This is so espe^Qy With 
aad-cnte solder, bec^ise it will ^cause cprrc^n 
in electrical ciituits. To sd(kr a cotmection, it is / 
UKessary to heat the sdder w iti meltxiig point 
This is anuiiy (jmt ^ a soldmg in^n or ^ 
gun some s«t 

4-5. Eketrifi soldiring /row. The dectfic so^ . , 
derini iioa, iil&«nted in figure 22, is us^ for 
Unsoldering, {a addition to having ti» tKsrmai 
soldering shank, and handk, this irtm is 



«pi^ptd A« ali^iW^ l^^ 
This elment is attftefaid to in «ldetrie oittkt by a 
coed iDd plof. One^ U§ advamase of ekctric 
Midenng hm o¥v tbi ccmstboar tyi»es (units 
bMted by toccbes, etc) is duu tha electric 
piovidM a mon crinitinf temparatuse at tl^ tip. 
WUb many eketne loidesiif irons, ti» tip tarn- 
pc^ttore is fhrmnsfatically costtt^Ied to insure a 
^aifonn soldexing teaperature. 
' 4^ Bkqtric sofdtritif guns, fha ekctric lol- 
demg gun, sbowa is fifitre 23, is vety handy i<a 
making in smaU. hacd-to-fet<at plaeas. It hu a 
pistol' |rq) ud trigger switch, {dua a piksc lamp 
whidi U^ts the area to be soidered., Solderiag 
giutt are used with ll5-valt 60<^^ alternating 
currsett, as are xmm of the etoctric soldering 
irons. The soldering gun is exceflettt for soldering 
wiring et^nections because of its &st - heating 
rate. Nfany of ^me, gUns heat to soldering tan< 
perature in 10 to J5 seo^Kis. 

4-7. NontUcttie soldering irons. This type of 
soldering iron is to be used primarily in emergen- 
cies, where pdwer is not available. It takes about 
30 seconds for the ctonically charged canridge 
within the tip chambo' to heat the copper tip, and 
the heat is maintained for a m««inijiffl of about 7 
minutes. The cartridge is activated Vhen a firing 
pin is released at tise rear of the huiifle. 

4-8. SoUerif^ coppm. Soldering coppers .are 
heated by external means, using a gM<?Hnft blow* 
torch, ^an alcohol torch, or a |as ImnKr. The 
copper tip is not removable so diffoent-sized 
eoppm are used (m th; various kinds of work* 
The disadvanta^ of t^iese devices are (1) they 
n^ust be a3ntinuaUy rei^ated, and (2) they fre* 
quently becoiu overheated, musing the tip to 
becmi^ pitted and rou^ This type of ""iron"* is 
used fori heavy soid^g jobs, bn is nof too utis* 
factory for use on wiring connections. 

ci Soidarbig. Basifaily, a 




FifOTi 26. Soidcrins t spticid jotcc 
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eQQd»ctof is soldered by fim tiauo^afidtii^^ avoid dioufe to the l^ttiol H oioly 

(h« ^iaidieaoi Mad. omdusiflf; «od then 1^ one turto of "^^tifi ^ 10 % limied; fil* «alj^ 

heating-die cooductor, while ap()lying solder to i3iat surfice. Note that the lectiOB of the tip to -be 

form the conac<it io n. ^innfd is {larallel to tbe top of ihe vise. When 

4-iO. Tlimmt tht Iron. Godd sdd»in| is pos-' - miag the tip, be eaztiol xtot to cut away any 

sible'oaly if the tip of the iron is -is goc>d cdhdi^ more of the tip thaa neceuasy. Reiaove only the 

tino. Gapd condition means that tte tijp of the pits snd tarnbbed areas, leaving t ssoodi, fist 

iron muK be smooth, of ptoper shape, and . tvxhst. After the filing 'has been done, touch 

covered with a thin am of sddar on its workiog the roiin-osse solder to the filed side of the 

surface. Tlie cleaning snd shaping of the tip heated tip. The solder should flow readily over 

along with the sppliotion of a tldn coat o| solder . the bare sxea. to cover it with a sxvMth, thin 

is refencd to as '*$inian|' the iron." T coating. Wipe ^ any excess sdder with a damp, 

4-U. The soldering iron tip' is cleaned and clean clothe B snd C of aguxe 24 show, respee- 

shsped by removiag the pits, old solder, and tively, a i^roperiy shi^icd point and a poorly 

tarnished areas with a sKdhui grade fitei To do . shaped point 

this, you should heat the ir% and pUa it in a 4-12. Tinmng^ tht conductor. Jh# suxfsce of 

vise or holding clamp, as shows in figure 24 A the condmor must be cleaned before solder is " 

With electric irons, grip otUy'the tip of the iron. to applied; otherwise, corrosion will take- place un- 




l^fiBc 27. Piadnt aad aifflfnuf copper stoEves. 
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<igr tht Ujw^ol iQidic. tm mif i^aw W joiiit 
fo Bteak. or it my be t poi^ iblrct oitlou in 
voltiie. A couduct^ i U nc» piopirfy Unaad umfl 
it it thoroufhly ciouad tad tbn oomd with a 
thin cott (tf soUkr. & is usually ekaaid by i«i«g 
dtbcr wite itrippexs, plion, a St. or a imife. la 
any case, the coodnctor most liavs a saootii, 
bright sar^ fine of any nicks or cots. After 
it has been eteaoed,' the surface can be coveted 
with a thin coat (tf soider by usng the soidenng 
iron. 

4^13. ThM sokkrint pnKOS. After the iron 
and the materials have been cleaned, the solder- 
ing can then be doqe. la telqshooe work, there 
are two oomsKmly used me^iods applying 
solder: the **flp^ laediod and the **siitat^ 
method. When !l» 'flow" mediod ^ used, the 
tinaed arn of tii ng.iron tip is placed on 
the iuiface of the ^ as shown in 25. 
After the matm^ forming the joint axe I^ted, 
the solder is iKld against the joist ontil it melts 
sad flows fredy. This procedure is pr e fe tie d in 
the ^ephooe field for most of the K^dering work 
because it is faster, uses less heat, and provides 
for tighter connections with tlw use of less sokter. 

4-14. The "sw^ method of applyi4i8 solder 
is perfcmned by placing &e tip of Uie iron under 
the metais and .tfae sold» to the top of the metals, 
as shown in figure 26. As toon as title metals are 
hoc e:»ugh to melt the solder, the flowing sdder 
will surround them and make the daired bond. 
This latter metlKid of soldering is preferred when 
splicing telephone wires. 

4-IS. Widi either of the soldering methods, 
excessive wiU cause the solder to flow away 
from the joist and aksng the cosducton, and 
thus results in loose connections^ ami possible 
short circuits. lasufficieot heat to the metals 
leaves a large ball of solckr and a weak ^int. 
The correcs heating point is reached when the 
free-Qowisg sdder begins to tarnish. 

4-16. After the joint lyu been made, the iron 
should be removed from contKt with the metals 
gradually to prev«it defeds is the newiy made 
joist AftO' removal of the iron, die comiectioa 
shoiiki not be moved for a few sectmds in order 
that it may cool and seal con e ctl y. 

4-17. Wfrt Spfieaa, A ^lice is ctftea required 
when iniNallis| drop wires and ffomd rods. The 




• UiMTN or stMou rwsT 

Firm 21 Win spUoi. 




^Figon^. Uimua'sbo^r belt with i^My iaap. 

preferred method of spiidiig is pezfoimed with 
splidfig slee^ ud sleeve ^^ompxeuipa took As. 
ymi ctn see in (1) aod (2) of figure 27, the 
sleeves are ^oced over tbt wires where Vikcy ire 
to be pifl^ and then compressed with a sleeve 
compression tooU as shown in (3) of Ugitre 27. 
The sleeves furt staggered, as shown in the illus- 
tration, to flimifiafti the potttbility of a short.^ 
betweoi the sleeves. After the sleeves^are com*' 
press^ each^oi^ is then tap0d indivkiuatly. and 
then the entini joint is a>Wed with tape. When 
making a splice of this type, sleeves must Jbe. 
selKted that fit the wire wHh the insulation re- 
moved Slee^ are furnished in mimeroua ^izes 
to Ut the commonly used wiring. Also, sleeves 
are fufiaished whkh vHH join wires of different 
sires-^chat is, a larger wire^to a smaller wire, 
4«i8. Eme^^ency splicts ,may be made in the 
wiring by twisting the cooductota, as ihown in 
figure ^/ 9etore tw^ting the wir^ howevir, 
they should be efoas^ in readiness for soldc^g. 
Afta* twisting the splices, as s{>own In figure 28, 
they are then soldered and taped to complete 
the splice. This typlb of tplm^ when used on 
wire pairs, is suggered in t^ same manner as 
when compressioiTv sl^vei are .^used. 

5-1. The iimaller-repairman :must t?e able ta 
dimb telepkme pda in HHtkr to do his wrk. 
The instaUatkn of a teleplume nifaset mny tt^ 
quite tl!» imtaller w c^pob a teteplK^ pole with 
dintes. Fca* this re«s<m« ti^ in itaUer must have^ 
a knowUs^fB of pole dimhmg ainTppIe cUAibing 
equiplMdL This sectkn describe^ ^ equi|nnem 
tised in pole limbing and es^iliiis socte of the 
prnieiples iny^ved 4'. 
'S-V^o climb poks«' th^ installer uso the 
safne type ol dkiU^ equ^^mt u t&e^ li|M^nan 
McsL Bancally, , this ^.equipment consist^ of tv^ 



aaa'k btit tad safiKi ittip wt made o! liigh- 
fiRkdt totte. Tbty •» Mi!td .4vit2i.bK wajud 
Uaitt tbMd ttd ait alid fivMKL Fi|tae 29 
sbowi a.bodf btU wiiieh ii Uiid cucttsdy-by ths 
Air Faiet. Hw tedy batt is ^bt^smd wemSag 
to 7b* acsail btit m a aitti yu wAU U the snug 
diitiaea batwats the biali or utaigbi e&ds of . 
^tba mo Z}-dflfek Moit^aittilda idut fopfdy sac* 
tipaa provida Mtt wideb ta^ is itzia fton D-\% 
zbraoib D-3Q. Tim bod^' b^ ia non ovtr d» 
bipr and dibtaoad ^ eaboib to ptemt slip-' 
^ A bait of dk poipiir aisa patadla dia D- 
tiflu to sias joe bafaiad dia projaetiaf poitioas 
Q( tfaa hip booM. iflastrataa iba beifs 

poaidoa whili tbt Unniin ia on dia greuad. For 
saf^ naaooa, do noc puaeh additional hola in 
dia body bill. If jranr bait <loas-abc St psm^y, 
yoa sbOQid'^tsy 0^ of, A difterat sixe. 

S-4. Safely stc^M lire .adjustable to various 
lenftiis, nuiginc from 60 tfarom^ 90 inches. * A 
ri^t-haaded maa stould' sn^ both eads of the 
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>Fisazs30. Aa linnu vitb dliabm sad body bek. 



Fffun 31. Oimbtr tin 



safety strap to the left side D-sing when the strap 
' ts''aot in use. A Idt-handed man sl^ui4. snap 
botii- ends to. tlu right side D-ring. The end .of 
>sj^ stiap. which is doubled to pexmit adjustments, 
' ,is>supped to the 'During with tbe snap hook 
^keeper iowaM die tear. The riveted end- of the 
stra]^ is snapped emto dte same ring but with the 
soap hoop keeper facing the front Tliis anange- 
men( osablea the climber tp keep tl» snaj^ tt the 
doubled end of tbe «rap hooked at all timei 
Figure 30 pictures the hooked safety strap on the 
body belt of a ri|^-ban<^ linemao. 

S-S. Uapman^ CUmbcn, Gimbers are nor- 
mally used for tlimtfing pola that have no steps 
and, for climbing trees. Tree dimbin^ is not rtc- 
ommendedt however, unless you, use climber gaf£s 
that axe specially made for tfaat purpose. 

5-6. Qimbers are available in ..half sizes, rang- 
ing tnsm 13 isshef to 20 isuhes, as measure 
from die bottom ol die stirrup to the uppcf end 
of the leg irta, which may be bent cold to oon- 
fosm to die ^ftsuefs leg. PigdH 31 shows climber 
detailn and bb^ to dt^ehnioe die cortect size. 
Measure from the bottom of. tiu: knos boi^ to the 
underside of tbe sh»s at the arch. Thea subtract 
indi fRsn this distance to get the cortKt 
cHtnher size. ' ; 

^5-7, Care of Cftebiog Eqajpaseat The brdy 
belt, safety str^ and clindMrs should he in- 
, jpccted dioroughiy before dtey*a« mtd. TTie 
belt and safety stra{» must be in^o^ted for 
cracks, cuta, loose or broken thx^ida, loose riv. 
eti, faulty snap ioofc keepera, etc To iosur* a 
long life to d» body belt, it should be deaned 
fmiuendy widi eid^ a saddle joap or z "Cas- 
tile soap,** Then to keep tbe . leather soft and 
pliable, it siumld be wiped dry and oiled li^y 
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CLIM8ERSSMOWING DULL GAFF. ^. CUMBERSl SHOWING SHORT GAFF 




Fiftpv 32. Dan^excus gaff ^ipev 



with Neat's Foot oil. Never use mineral oil or 
grease as i preservative. Also, be careful to keep 
the b«it awmy from excess beat 

5^. The ciimben should be fsamined for de- 
fective strips or pads and for broken, rusty, or 
loose gaffs. Tlie ootmal care for leather will pre- 
serve the straps ' and pads. To take care of the 
giff, however, will reqtiixt alittie more skilL To 
get some idea of dangerous gaff shapes study the 
iilyj^atiom is figure 32. To properly sharpen 
and Cite for the gaff requires the use of a gaff 
giuce. as i&ustrated in figure 33. .This gauge 
is used in measipng the gsff for length, width, 
thkkaesf, sod other dimen^ons* Furthermore, 
this giu^ is'used wt»s filij^ thc^ gaff to dettr* 
mine when titt proper shape is obtained. 

5-9. S«ii|Mvii sod QMNbif* To dimb poles 
safely, yoa mim leam m use dimbing etjuipmeut 
is thfl^ |»oper rmtmtft. To' use this equipment . 
safely effectively^ you slumid follow these 
psecautidssr ' < * * ' 

(!) Xa placing the safety sr^ armmd the 
pole, make sure that the buckk is securely fas- 
^tened sad that the Axa|^ ii 4sm twined. 

(2) Befoce dimUng, test tlto saap h<x)k and 
D-dag. Never rely solely oa the dick of the 
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keeper in the soap hook when aching a safety 
snap to a D-ring. Make sure tl^.; the parts are 
secure. 

(3) Always have the keeper of the snap book 
away from the body when the snap hook is fa.^ 
tended in the D-iing. 

"(4) When working on^^ ladder, do not fasten 
the safety strap to the ladder. 





Figm 34, Beginning the climb. 



(5) Never punch holes \n a body \^lt or 
safety itxap. 

(6) When not using the body belt and the 
safety strap, snap both ends of the safety strap 
into one of the Dnrings* 

(7) Do not platt the safety strap around the 
pole within a foot of the top of ±e poie. 

(8) Never thitsw or drop a safety strap froci„ 
a pole ^- 

(9) In general, do not put climbets in the 
same container with body belt and safety straps; 
however, if yon must,^ take cart to keep the gaffs 
frotn ptu^hhig or cutting the bdts or straps, 

(10) Use dimbeif of tl^ correct siae. 

(11) New TOar.dimbers. on ^rork where they 
are not needed; that is, do not wear dim when 
woddng (m the ground, on a ladder, or in deep 
snow. 

(12) Fftqwatly inspect d^mbcrs to determific 
the condition of aU parts* If the ciimben art de- 
fective oi" i^"^^- as ^lowti is figure 32, ihef 
^jhimU* be replaeai m repaired 

''(13) Glov«3 and long sle«v«f should 
5*10* U^ng dimbers to climb poles is rtla*- 



tiveiy simple u long as you Mow tlSese pfe« 
cauttoot md ^ac fi» proper techntquci. For ea- 
ampte^ in dislans & pQte» kec|^ 3«ur tfsljr 
subtly bent and ycHir hips fardi» fmn the pole 
than any other part of your bod$! To stick the 
climber gifb basx the pple^ thnstt ymir in- 
ward md 6awtmmL- To {mU them out, move 
them upward and outwinL If your body is too 
dofe to the pote, yarn gaffs may cut out of the 
wood So cheek ycmr position by placing your 
hands on the far side of the pote« If ywr hamb 
overiap, your body is too close to the pole; the 
gafb may teeak out of the wood and cause you 
to lose your footing. If ycmr hands reach only 
the side of tt^ pde, yrar body is too far away. 
T!i^ your pahns have no grasp and your anna 
are under a great Arain, Hus wti^ of dse body 
shcmld be carried normally and should be lifted 
entirdy on the gafh, with your arms shoving only 
lo balaxKe* 

The position of your hips is also impor* 
lant If they are too close to the pole, your legs 
will be parallel to the pole and the gaffo will cut 




Figun $5. Uatoi^kiag $a&ty strsp. 
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QUL But if yQur hips are Uxf%i out, the arms 
are agftin'pkcKl uzuier stnus IsecauK^ iliey vHU 
be «i|9(»tbif 400 much of your uti^git If your 
knees are beat so that they t<Hich the ^e,' the 
gafEi will loe purchase ami cut qjol N^ie ia fig- 
ure 34 that the iSeman^keeps ^his Icoees and 
body straight, and as a result, the gaffs are forced 
into the pok rasher th^ down the ]poIe. 

5-121 Airatfaer ptecautit^ to ise ^]ce^ before 
ciimbing is to inspect the pole.' Note the- location 
of wide weather cracls and hard or soft spots in 
the wood. Next, study the equipsteat on the pole, 
such u cables, crosstRBs, or other obstacles that 
may interfere with climbing. Then see if the pole 
leant. If so, yoo shmOd face the directi^ in 
which the pole is leaning and climb on the high 
side. If ..you supecrthat the pole is old, with 
pMsible breaks <a tK>ft center, be suse to te^ 
it before climbing. Never, under any conditions, 
climb a weak pole without, first adequately rdn- 
forcing it 

5*13. To ciimb« gmp the pole with one hand 
or with both bands and raise your left foot about 
10 inches from the groun4^ keeping the gaff about 




Rfon 36, Tnmifcmnf safety strap. 




FiguziB 37. Sxuppiof hook cm During. 



I inch frtnn the pole. Then, with a downward 
thrust, jab the gaff of the climber in the face of 
the pole at a point abcii^ 8 incfaei from' the 
ground Now that the ga^ is firmly embedded, 
lift the weight of your^ body on the ffdi by 
straightening the leg^ the leg your weight is 
on straight and away frcnn the- pole. Although 
thiy is a simple jijabit to develop, it is a fund^ 
mental dfanbing rule. In this way the gaff holds 
your we^t while you grasp the pole with both 
hands to keep yrar balance; Now you raise 
the oibsT leg and the oppoite arm and drive the 
dimber downward to seat the second gaff firmly, 
as shown in figuse* 34. Then you are ready to 
take the wot step upward by puHing up and out 
lim Sm gaff and movhig jism foot upward. 
Res^ the with the same moticms used in 
taking tl)e first ittep. Be sure to move ycmr hands 
upwarti widi each step; ottmnHse your feet may 
begin to chmb past your hands* 

5-14. AH crther itq» hi d&sbing are meteiy a 
repetition ot ti^ fim steps that ycm take on the 
pote. This sequfaca^ of m<^i£^^ fdHon^ un^ 
you reach die detxzed hd^t pne thing to te* 




Figure 38. Tessmg body Nit 



member while climbing is^tp always look upward. 
Your feet will take care di^^emselves^ as long as 
your head doesn't butt, into a crossarm. 

5-1 £ When descending"^ pole, reverse the as- 
ceo^iing motioas. Pint break one gaff free of the 
^p<^ie, using che same jupward and outward motion 
' that ypu used in bmking it for dimbing. Then 
flex the other knee and allow your free foot to 
mow Aswn the pole for thb distance of a con- 
venient step. Remami>er, always look down when 
descending because you must see where your feet 
are going. If your gaff hits a knot or other ob- 
stn^tibo, you may lc»e your baiax»:e* 

After you have |ean»d to climb up and 
down tiur pole, you are lea^y^ to work on it. If 
you are to stay in one positiou and have your 
handf'fireg for. tte job, you mnst kiK>w how to 



fasten the ^ety strap. At the desix^ bei^t 
^tbiftyourwe^tooBe&x^ (If you are a ri^t* 
liioded pOTM; put your 

Then throat the right pff into the pote at a 
slightly hi|^er level than thenoft gafL Now place 
your right hami aitmnd the pole, as io^Sguxe 35. 
With the thumb of your left hamL open the keeper 
of the sni^ hook aod shift the frnd exui the 
safety belt &mp around the pole to your right 
hand. Now, foUowing ibt example of the line* 
man in figure 36« transfer the snap hook and 
equipmat to yoitr cHter hatid while balancing 
your body with your left hand. With your left 
hand, told the strap' up loMely around the pole; 
with yoi^ ri^t, die strap to the ri^t-hand 
Dnrmg and snap tte hodt into the I>-riflg> Cav- 
TTON: Remember to that th« snap hook is 
property fastened. After all the keeper can snap 
wii^ut catching the hook, so ^ that the snap 
hook is secure, as shown in figure 37, Now put 
your right hand back on the pol? and move the 
right gaff to approximately the same level as the 
left gaff. Then you can le^ l»ack and care^y 
place the full weight of your hc^y on the body belt 
and safety strap. ^Kccp your hands firmly gripped 
about the safety str^ until the snaps, hooks, and 
belt i^ve b«n completely tested. Hgure 38 
^hows^tfae Unonan while he is testing the body 
belt Notice his knees. They are straight* and 
undef little muscular ntniin, because the leg bones 
are supporlin| the weight With the knee joints 
in this pc^u^n, he can work with little leg fa* 
tigue; \ 

5-17- The safety strap is unfastened io re- 
verse scqueade. That is, first move the right gaff 
up and thrust it in at a slightly higher level than 
the left gaff. Second hold the pole with the left 
hand and unfasten the snap hook from the D- 
ring with the right hand Now you can pass the 
strap around the pole to the left hand while bal- 
ancing the body with the right hand Lastly, snap 
the hook to the left-hand D-ring with a single 
. -downward movement As you become expe- 
rienced in climbing peies, these fundamental pro- 
cedures and sequence will become routine, 

5-18; This concludes our discu»ion of the 
j^nerai principles involved in-'planmiC^ a subsu- 
tion installation. Test your understanding of 
these prindplcs by answering the review exer- 
"^cbes in the workbook before proceeding to Chap- 
. ter 2 where we shall^ examine the tenninal-io- 
^eJephone requirements for an installation. 
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Terminal to Telephone Wiring 



THE INSTALLATION of tcnninal to tele- 
phone wiring completes i lai|p part of the 
job of installing a telephone. As a matter of fact, 
when the wiring is completed from the terminal 
pole to the telephone location, the job of finish- 
ing the installation is meetly that of connoting and 
testing the telephone. . 

2. The wiring system from the tcnninal ^o the 
telephone includ^ the following: 

• The drop wi];e attachments on the pole and 
building. 

• The drop wire run from the pole to the first 
building attachment 

• The building run from the first to the last 
building attachments. 

• The protector and ground system. 

m The building entrance and inside wiring. 

• The connecting biock and telephone cord. 

3, It is the purpose of this chapter to discuss 



aerial cable installations,* the tel^hone cable is 
supported by a suspension strand which extends 
from pole to pole, TWs strand is shown in figure 
39 with the cable omitted. In an actual installa- 
lion, the cable is lashed to the lower side of the 
strand- In figure 39, the use of span clamps is 
illustrated* As you can see in this illustration, 
the span clamps are attached to the top of the 
strand to support the drop wire leading to the 
stations. This is the same type of installation as 
shown in figure 6, where the span clamp was 
used in avoiding a tree. For a c!<»up view of 
some typical span clam|», refer to figure 40. 
The uppermost (A) clamp is made from solid 
metal with a groove for the suspension strand in 
each half of the clamp. The lower one (B) is 
made fro'hi heavy sheet metal which is stamf^d 
ana bent into shape. 

6-3. To attach the drop wire to the drive 
hooks and span clamps as^ shown in figure 39. 
devices called drop wire clamps arc used. To 



the components of the tcnninal to telephone >yii^->-.*.-^ve you a better view of this item, a typical drop 



tng system. However, since termination of the 
drop wire at the terminal pole is explained in a 
later chapter, it will not be cpvcred here, 

6-L That portion of the drop wire between the 
terminal pole and the first builcUng attachment 
is called the span run. The ^neral rtfquifemcnis 
for clearance, appearance, and future develop- 
mcni will apply terc as well 9i to iftcter portions 
of the drop wire run. When insUUing the drop, 
.you sl^mld ecos^smize using ti^s old attac^ 
ments (cither btacJccts or knobs) which youtin^ 
on tte pole — if tlusy are Stably located Of 
course; the drop insuUatkm requires a secure f as- 
tening^at eod of the wire; ther^re, select 
^ihe^ cocrecc hantwiw« md ^ proper instailalion 
^methodi- The fdUowing paragraphs define and 
explain the use of pe;(ti2^ hardware itemf 

5*2. Miitf^ tm Ortridc ldbs» To consider 
tl^ ^tacho^ts for outtide isotaOation. let us 
start at the pole end. of the s^ run. With mc^t 



whi clamp is shown in figure 41, This device 
consists of a loop, \wdge. and sleeve which grips 
the drop wire to support the span. Not only is 
the drop wife clamp i»ed at the pole-end of the 
span, but it is also used on the building to fasten 
the drop wire to the attachment. By using dfpp 
wire cisimps to support the span run. slack can be 
maintained in the drop wire at all points of at- 
tachment This minimis the strain placed on 
the drop wire by such attachments as drive hooks, 
drive rings, btiilding attachments, etc. 

6-4. Although the vrtre spaa is normally fas- 
tened to the attachments by 'drop wire clamps, 
the means of attaching to the pole or the build- 
ing depends upon the particular job. For) exam- 
pie, the drop wkc run may be made from a pole 
which has a guardarm or from a pole that docs 
not have one. Also, if the drop wire is run made 
from afi open wire line, it is secured to a cross- 
arm. Hardware used to anchor the drop wire or 
drop wire clamp is considered separably for each 
end of the drop- Both the drive hook, which must 
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FigOTB 39. Fote to span-ciatsp ruiL 
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be hammered into the pole C&g. 42), and the 
guardjum hook, bolt^l through the guardann 
(fig. 43), are suitable for the pole end of the 
drop. The attachment on the building, where the 
work begins, is determined by the structure. 




B 





Figuic 4t. Drop wire dimp iimaU«d. 

6-5. Dntp Wire Roji Requirements. To install 
a span run safely, you shoujji observe the follow- 
ing precautions for placing drop wire: 

( 1 ) Start at the building ««i of a drop wire 
span and work toward the pole; thus, a4 work can 
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FigtOT 42. Drive Jwolc* 
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be done on iht buflding nm withoat blocking 
any of the ground area under the pnapowd ipai^ 
In addition. puUing up tnd sagging drop wije from 
a pole or strand positicm is a safer metlffld for the 
ainnan assigned to tins job. 

(2) Position the ladder against the side of the 
cable suspension str«nd away frtsm the drop wire 
span so that the ^strand is between the span and 
any ainnan wtjridng on the ladder. 

(.3) Do jwt place the foot of a ladder in a 
roadway without maldng adequnte provision to 
guard the ladder from i»s^ng vehicles. 

(4) Do not perform any construction activi- 
tica torn a ladder placed against the suspension 
strand until after the ladder has been securely tied 
to the strand. 

(5) When peffonning any work operatiojis 
from a ladder place against the strand, attach 
the safety beh to the stfand. po not pass the 
safety belt between the rungs of the ladder. 

(6) Do not hold a handline "or wire in your 
haiKl while climbing a pole or ladder; carry it 
under die body belt, Double the end of the hand- 
Unc back on itaelf for approximately I foot to 
form a loop, and place this loop under the side 
or back of the body belt After getting m posi- 
tion on the pole or ladder, ^ tte' handline to 
hoist any drop or block wire. 

(7) Keep winf away frmn sharp-edged tools ' 
m vehidea. 

(5) When uncoiling wire without a drop wire 
reel aifembly. reverse the cofl eveiy five or tix 
tmns to nmdmijB tlw number of kinks in the 
wire. 



^ <f> Po ao< Pi«ce <htsp wire where it wCQ csou 
Pfovt power wires unless specifically oidered to 
do so. 

(10) Be very careful to avoki harmful tnter- 
fcreace with wire raising dr lowering operatiom 



actoM loidways. Ob(ii» aMii^uice % iamxA 
mfSje'wbeiievcz'' WKoatiuf. 

(11) When placing move Uias oat deep wire 
in t^ hiilding ran (this is called a block wire 
nia), make sure that the fWf**^iT Tfnfi selected 
wOI support the additional weight 
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6-6. Drop AttafteiMt a( At IhHAwf. As we 

said before, ti^ method used to secure drop wire 
to the building is datermioed by the building eon- 
structton and the gRHmding of the tgig ph fwtf cable 
hivolved. If t!» cable h grouodedTn^^ra^d 
building a t ta cfmientl , such as metai hoc!>a and 
' bridte rings may. be used. Howw^, if the cable 
is not gQpunded, attaiefamants to buildings' of 
frasw stucco caatttrtutiOQ mlin be of the in- 
sulated variety to 'reduce the possibility of fire 
caused by lightning or other high vestige surges. 
Both (he noninsulated and insulatedU attachments 
are of the screw type, which are axwhoted by 
turning ' the threaded dxank or accompanying 
screw into the wood. 

6-7. In your planning for a building *un, ob-- 
serve the same rales that apply to the span por- 
tion of the drop wire run. For example, locate 
the first attachmrat so that the drop win have 
the nece£wry durance above roadwuys and 
footways, will jHear electric light and power wires, 
and vill he separated from inflammable or con- 
ducting materials. 

6-8. U the installation consists of one drop at- 
tached to a masonry or brick veneer structure, 
you may Use one d«^ wire damp to carry the', 
weight of the pole-to-building span and another 
drop wire clamp to support the building run, as 
shown in A of figure 44, or 'you may use an S- 
wire clip on the building tun. (See B and C of 
fig. -44. ) Note" Aaf the S-wire clip may also be 
;'aed for framfe buildings, as illustrated in B of 
' figure 44. When you attach a second drop to a 
dtxjjp wire book." remove the drop wire damp from 
the buflding run of the first drop and place a 
<:-knob (split kpob) about 6 inches behind the 
first span attachment Figure 45 shows this ar- 
rangement , • 

6-9. The hardware for building attachments is 
sdarted and instaUoi on the various surface 
types by following standard practtees. Usually, 
you have only one be« choice for any situation 
^ you face. Figures 46 and 47 show S-knobs and 
T-kno!» with bracketi. Figure 48 sIkswi thoe 
same knd» with angle screws, and figure 49 
^QWi them with insular sj^p^gt^ ^ea these 
bracket*, insulator supports, or screwrire used 
on frame buildhigs, they require the knobs 
shown. The drop wire hooks m»y be used on 
frame buiidinfi, as shown in figure 50. when the 
telephone cable is properly grounded. An S-Icnob 
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Ftgim 44. Drop wire duipf iim&Ued. 
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T\^m 45, Two dcop wirr ipam attached to buildiog. 



is used when only a sin^c drop wire is involved. 
Two drop wires require a T-knob, 

6-10. On masonry construction the brackets, 
hooks^ and aftachmenfs must be provided with 
anchors ol some sort Part A 6t figure 5 1 shows 
two types of hammer drive anchors with a nail 
providkg the w^igmg eiemeot In B of figure SL 
we SM the ajKhor msertcd through the mounting 
hole ol the ^ssm ami into the dniled hole in t^e 
masonry waH Driving tte nail into ^ anchor 
expands the ^d^ makrrog the anchor fit tightiy 
in the hale. The soew anch(^, shown in figure 
52, ope^Ues on the same principle* After insen- 
ing thu! anchor into the drilled hole, the wood 
screw is piao^i through ti^ mounting hole of the 
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Figmv 4d, Coimr bnctoL 

fixture aod into the aachor. Tighteniiig down on 
the screw causes tte anchor to expand and hold 
A bridle ring with a wood screw tfar^ may be 
used with this type of aiu:bor. Togg^ boiti, sim^ 
Uar to those shown in figure 53, are used on hoI« 
low tile or concrete block walls. The hole must 
be large enough to take tl^ tog^e, as siK)wn in 
the illustration. When an^e screws, wire hooks, 
and bridle ring^ are used on frame installations, 
they shodd be arranged so that the wire pull 
will tend to turn the screw deeper into the wail. 

6-11. Between the first and the last building 
attachments, the drop wire run on the building 
tnusi be %eld in place and guided by rings or 
screw eyes. These soppcnting devices are re* 
fened to as intermediate attachments. Figure 54 
shows a bridle ring (A) and conw bridle rings 
(B) installed cm brick surfaces; figure 55 shows 
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FifOM 48. An|)t uvm. 

insulated screw eyes iutailed on sur&m of wood 
and stucco cm wood. The shcm thank (S-Cype) is 
sufficient for vrood surft^. A Icmgcr shank 
(L-type) is tequirtxi when the outCT surface is 
stucco. 
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Figure 49. Umvemi iasuisxor supfxjm* 

6^12. The use of intermediate attachments on 
buildings is determined by the requirements for, 
k^ping the distance between the attachments on 
horizontal runs within a r naifin ^ m range of 9 
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Flfute 50. Oiep wm took imtaUatiom (c^apbotrdi nd 
it^slti in unssrpottd ami}. 
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tML V» SMOaet betwBRS iltMhme^ on v«r- 
tkal ram warn b« k»p<^jitfaia jL ^ ia ilnium Im^ 
of 12 ficiet. Towrmiri'iRtt iftifMnOTts an placed 
so that thty wiQ divide ii evcHy u ponible the 
dlitaact betfeea tbe fim and ^ tuxn atta^- 
rt"^ on a bodzofltal-nm ud the diilance be- 
twvea the turn and last attachmcnta on a vertical 
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ngun 53. Tonk bolt ta^oo. 

nm. If the ^vrtini run begins vith the fint at' 
tac^t^f, the distaatt between the fint and last 
mttaehmmntt u divided. SiKh piacingi .^e the 
dre^ more secaiity and a better appearance. 
When you use Ti<f'<^*i«wt irtachmcnts, allowan^ 
must scmietimes be made to keep erpoud wires 
dear of frame buildii^ or to preVft&t wires from 
sli pping ti» bniUlag. 

6-13. Medxanical protection mutt be provided 
wheiKver aecoaacy on the building tun by in- 
stalling frictkm tape, lui^ier and frtetiOn tapt, or 
an insulating tube on tlw wires of iht building run 
at the points requiring protection. The use of 
Mcticm tspe alo»s is rettcicted to noirins n l ated 
runs at obstructions other than open electric , ra- 
dio, ground, or signal wires. Both rubber tape 
and fictetkm ti^ or an insulating tube must be 
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Hsure 54. BricD* ring iimall$han. 
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used wbea nnvhinicil protection is requizvA oa 
<"^iittfd buikliog rass. « 

6-14. InnilatiQf tabes are of two types: solid 
ud split The solkl tube is im^ided for new 
building nu intftUasJop add, wbei»ver practicai, 
for exiKing is^ailations that require such protec* 
tion. The split, tube is intended ^only for existing 
building runs wbea iintalling a solid tube is of^ 
practKiL Using tbe split tube makes it unneces- 
sary to d i tcon ne ct or au an existing wire in ozder' 
to thread it tbrou^ a solid tube. Tabes may be 
obtained in three sizes: and 1-inch di- 

ameter. 

6-15. Always select an »ft«ni«»tng tube wift a 
large enouj^ diameter to aconnmodnte the ulti- 
mate number of wins thi^ will be placet^ in the 
building run. Except at entrance hola. use a 
tube that is long enou^ to es^a^ at least 2 
inches beyond each side of 6x <*ject to be 
czossed by the drop or block Wires. After tubes 
are cut to the cmect lengthy remove ail sharp 
edgBi at the cut end with a <arbosuiKhm stick. 

6-16. Irtstall a solid iwm»y»{f^|^ tube by passing 
theend of the drop wire thfough tl» tube and 
'T^Mm ^ tube along the wire to the desired lo- 
'^raff ron . Install a split insulting tube by securing 
the two halves of the tube around the drop wire 
with lashing wire aiioot 1 iast tram etch end of 
the tube to keep die tube hilver to^^her. Twist 
tbe eofk of eadli la^t^ wire tsgete and beiui 
die twined exMi* hmck against Hm tube so that 
they wffi not catch on ek^d&g or hurt anyooc. , 
^17. After you have pnajtioned an insulating 
mbet secure it in pUce on the drop wire with a 
drop wire dip, drive tinfc knob, or inf- 
lated screw eye at egfih esd of the tabe« as shown 
in figures 56 aod 57. 



6.18. IB uaiog lubbtt tape to pnMKt drop 
wire, place ^u|h tape arouod thi wire to t»t»- 

of fl» OMtxtBtkm.'; Tbes dsrver this ItngOt ^ the 
wire with two nrated hall-I^ipad layen (four 
thickoMMi) ctf M-ineh rubber tape applied with 
ecwtt^ teasiM to double the tape lengtiL * Start 
at tbe center of tl^ obsmieticm and wrap iie- 
tape out » 2 indui beyond tl« eitd of the ob- 
structiott to Im croised. Kow reverw wrap to 2 
^ inches beyond the odwr end of the obitruction. - 
^ Rmae wrap again and edti at* the center. Pla^ 
finctioa tape over the layen of rubber t^ie. 

6-19. When tibe diop wire runs behind a nin- 
spont, place tbe suppottiaf ■t»«t.hwy»nTt «t the 
ends of Uie protectios. If tape protecticm U used 
ftt a rainspout on masMuy surface, you may po- 
i&ica tbe mpportiog attada»nts away from the 
eai^ of ti» {miction to provide a more con- 
vi^iiaat position for the attacbn^its, as slwwn 
in figure 58. In no ease, however, \should the 
supporting attachments be placed more than 12 
inches away from the ends of the obstruction. 

6-20. When the dpop wire runs in front of a 
rain^xjut, place the supporting attachments not 
more than 12 inches from the ends of the obstriic- 
tion and in such a way that they will hold the 
protected portion in place a^unst the raidspout 
without caufing any slurp bends jn the wire. If 
an insulating tube is used for protection, secure 
the ,tidx: in place with a drop wire dip pUc^" at 
each end of the tube (view B-B, fig. 57). If 
drive rings are used, tie tbe drop wire to the 
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Figure 57. .^nsuiating r. atuchmcnt 



drive rinp (yiew A-A., Gg. 57), using a short 
length of bn4Le wjft for each tie. 

6-21. The drop wire ran on building fre- 
quently must turn cornen^ Figu« 59 shows the 
attachments used for guiding the drop wi;e 
around an outside corner. In A of figure 59, we 
see a comer type bridle ring arrangement while 
B shows cw^ scffw type bridle rings used to 
guide the drop wire arqu«l the comer. Figure 
59.Ct iflustrate* two porcel^ C-knobs used on 
wood to turn a comer. An inside comer is made 
in a similif niasx^ by using screw type bridle 
rings or insulated screw eyes. Figure 60 shows 
how to turn comers when the drop wire run 
changes fronj a hprizontai to a vertical direction. 
Note that Sgure oO shows lK3th single and muiti- 



pie wire instaliatiohs. If necessary, drop wire 
hooks can be ilsed in piace. of bridle rinp, 

6-22. The last attachment di the drop wire fun 
Of: ^he building is the one iust before entrance 
into the building. Figure ^1 shows a tjpical 
entrance and last attachment. 'Note that the drop 
wire is installed with a drip loop to prevent 
m^isturp from foUowilg the wire into the buiki- 
ing. \ ' 

6-23, As we mentioned previously, fnme 
strucni^lps requii^ knobs and insulated screw eyes 
for drop wire attachments when the cable ^sheath 
is not grounded. Figure 62 shows a typical frame 
building furt in which the first attachment is maA? 
with' a C-knob. and the run in^ludfes a horia:o«til 
section* 2 tum^'madc with ^insulated screw eyes. 
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Figure 58. Use ot prot*cuve tape. 



andf a. vertical tetstioa. Note tiiar.^ Horizontal^ 
sKtiOfl, ,whicb nu» paraUel Mai buUdiog 
Mag ^ fimttt»^tiilnt»^g^,j^yd 
the entrance, avoids wisdowi or bther ol»tiuc- 
tions. Note also that the vtrticai run does not 
pass in frcuit of windows and that it is tnily verti- 
cal as it goes to the Oknob. Which is the last ' 
attachment. • / ' * . 

6-24. Remember that insulated se^w eyes 
should be placed at least S feet abpve the ground 
lint in alleyway or other locations close to a 
stre^ so that the porcelain portion -^f the soew 
eye will not be damaged by people using the 
thoroughfare. If loafer attachments must be. 
made,' use split (C) rknobs instead of the in- 
sulated screw e^. 

6-^. Drop wire runs on brick buildings in 
installed by applying the same principles as tHose 
used for installations on frame buildings. In fig- 
ure 63 you see that the drop wire run bh the 
brick is attached by. dr6p wire hooks or bridle 
/ rings and ^hat the entrance is , made neai^ji, 
window^, ^ou should place the run along a 
■ smooth part>f the brick rather than along' rough 
foundations. Be sure that the run avoids Obsin^- 
tions and that the aiuchments' are anc^red in 
the center of the brick rather than in *he mortar 
tetween bricki, 





Figure 59. Outsitte comer atiachm^. 
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fipm 61. lost MSUtimm with drip lo^ 

6-26. Stucco cotttmtioa, u shown by figore 
64, requires atttchmcntt to suit the basic jcoo-^ 
stxuctioa of th^ building, Sincd cbe building 
shown in fignre 64 is smeco over frtme the at* 
tachments stown are which would be lisedf 
lor ^ {rame building* If *the stucco s over a, 
masoory building, masonry type attachment 
should be used. 

6-27. Drop Attachmenl it tht Pole. As we 
mestioQcd before, drive guaidann hooks are 
used as anachmeats on the termuui pole. Let ^ 
now consider bow these attachments are ^^ikd. 
Both the guaidarm hook asd the drive hook are 
installed acccttiing to standard practices. Thar 




is, drive booIjEf slmid be staggered at lejut I inch 
whiexi. twft are, uuullai oq Mm «ame pQl« (fig. 

proper a^pear^nce aiid dunnce. The vertical 
diitaiKe from t!^ suH^enskm stfasd to the drive 
hook xaay be vi^ied to bbtaki proper clearance. 
Figure 66 shows two drops trom the san^ te|mi- 
oai pole. Note 'tfail ioatioD <d th« dei^ hooks 
and aiso note ittat oi» drop vriro 'a r^isg on 
the ^shank of the drive hook. This is permistibie 
when the angle between tht drop and ti» pole Is 

' sudh that a^^urp bend is aV<}ukd: From the 
drive hook« tHe drop wire, runs thiough drive or 
bralle riagik to the terminal. When a vertical run 
is on tbi p(rie. {mil the ring wiriiig taut to elimi- 
nate umif^ti^ slack; howev<CT. don't pull tf^ wire 
so taut thtt tl» sttain is taken off the drop wire 
ciasH) and pij^ci on Uie drop wire itself. 

6-28. Drive hooks are not used when the poie 
requires a .guardarm; instead, the drop wire is 
attached td guardann hooka, on the gaardarm. as 
shown in? figure 67. The guardarm hooks provide 
a solid .fastening on the guardaim. just as the 

' drive hook did on the pole, and the installation 
is> completed in ^sentially the sane ma2}ner. 
The necessity for avoiding slack- and for obtain- 
ing the proper clearance applies here also. 

6-29. Wh'eh the drop is attached to an dpen 
wire line, the guardarm hO0k is used on the 
crossarm in making the installation. When this 
method is used.' make sure that the hook is in- 
stalled in ;^ position so' that the drop wire span 




FigurtSi Drop Wirt nin ofl fmne buildinf. Figure 63. Drcjp witje run otrmawnfy buildlnB. 
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INSULATED SCREW EYES 



DROP WIRE CUMPS 



IF O^ER 12 FT. 
PUCE AODITICNAL 
SCREW EYE 



IF OVER 9 FT. PLACE 
AOOmONAL SCREW EYE 




C KNOB 





AT INSTALUTIONS WHERE STUCCO-FtNlSH WALLS HAVE NO WOOD BACKING 
TURN MAY BE MADE WITH ONE INSULATED SCREW EYE PLACED IN STUDDING. 

Figon 64- Drop wire rua on stucco-oi^-framc building. 



will dear the open wire lines. Open wire tcrmi- 
nadon will bt discnssed further in Chapter 3. 

7. Uadarfiround DIttHbutiofi Wiring 

7-L At some time or other you may be re- 
qixired td ^^a^a an umiergfound installation be- 
tween the terminal pole and the suinet This 
type of installation usually requires the use of 
andcigrpund distribution wire and, of course, dif- 
ferent oiethods of installatioa. 



CLAMP 






Ftguxr 65, Drive hooks iostaUed on pole- 
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Figwe 66. Location of dnvc books on tcmunai pole. 
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7-2. UttdifgTMad Wirt. Figure 68 shows 
a typical sing^pair, paraild-jack^tcd, imder- 
graaod dbtriboticm wire, which is ivailihle in 
one- ud tn^>*p^'s^^^ Note that the mbber 
otf ul«te4 eoiuiucton protected hv t 
serving and a weatherproof neopiene jacket A 
tracer ridge or groow is provided on tbt tnsula- 
tioa of one wire of each pair. Whoa i% ii a«c$^ 
sary to make an uhderground jnstailation, the 
appropriate wtit must be selected for the job, as 
.specified in technical oxdets on drxsp wire and 
station installation. 

7-3, TiwlallaffiMi^ The wire or cable for under- 
ground service installations may be buried direc^ 
dy in the ^und or run throng ccmduit Tbc 
usual practice is vq bury the wire or cable, unless 
conduit facilities already exist Biu you may 
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Flim $7. Location of gusrcUnn book^ as tenmnsl pok. 
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STtCLSaUVtM 



CONOUCTOIV 




SCCTION A- A 



Figurv Pair imoismetit of pftrmllei^^^icktted lusder- 
fTDund distribution wire. 
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Figure 69. Pipe position for bridge cirossmg. 
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Figure 70 Mcchaiucal prorectido for onderfromad 
wire Jt pole. 
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PROTECTOR 
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5 > NOT LESS 
THEN 121N. 



BURIED 
CABLE 



Fisun 71. Mcctiaaicti prpccctxon for unekrsround 

have to instaU galvamzed-pipe conduit to provide 
mechanical psx^ectic» at critical points or loca- 
tions of directly buried runs, such a^ mm across 
drainage ditches, roadways, smail;^ bridge, and 
through Cttlverti« 

^ 7-4. If soil COTditiom permit and a wire plow 
is avaiUbie, undeijnHmd distriirition wire or 
sovke cable may be plowed under the groimd. 
Otherwise, the wire is buried in a hand* or 
machine-dug trench, which should not generally 
be more than 12 iMhes yricie. - The yidth, bow- 
ever, will depend on the conditions of the 
location and the digging tools available^ 

7-5. Ail personnel engaged in wire-btxrying 
operations must observe tl» following precau- 
tion: 

(1) Be sure to bury the wire or cable deep 
enough to prevent damage by heavy vehicles 
crossing the bturied line. 

(2) When placing wire along ^ roadways or 
acrcM ditches, avoid locatioi^ that might inter- 
fere: with natural drainage. 

(3) Avoid carelott handling of wire and reds 
while they ue m transit and cbmng it» placing 
ptpradures, 

(4) Do not remold lading from the wire 
2!eds until tl^ wire is r^uiy to be plac^ in tl» 
gxtHnad. Exposure to light md moisture may 
cause d^erksralkm of the ru!^^ insulation; 
tl^refore^ cover exposed reels with a tarpaulin 

the weather is wet 



(S) Do ml pextnit vehkles to be driven over 
wire cable that is lying on the fround. 

I{ thi wire or ^btg ii t9 be pitised is as 
eantvated treacit, as ft is placed «^dt ^ wire or 
cable cu:itfuUy for cuts, nicks, and breaks. Make 
anv oflcesaarv seDair or reoiaceQienL 

(7) Alk)w a mfficimt leng^ ot the wire or 
c^le to extend at both rads of run to permit 
proper tennitiitioits, 

7-6. In ^nend, a depth of 18 to 20 inches wilt 
pnmde a good, protective earth covering for 
buried wire or service cable. The actual depth of 
placement, howeva, will depend on tiie condi- 
tiont along the wi» route and ti^ operating 
effi«dency of ti» digging and buryiog tools and 

7^7. If the minimum placexs^t depths listed 
in pertinent tabka cannot be met, additional me- 
chanical protection must be provided or an alter- 
mue wire route sdect^ For example^ mechan- 
ical protection* such as galvanized pipe, split 
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Figuiv 7Z Mechanical protection at ouuide hutton 
proiectcrr. 
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Ftfore 73. Outsids protector mom mn g. 

^ V 

wood coaduit^ and Usrabie guards, is necessary 
for uBdcrground distribution wire est service, cabic 
at locations where the wire or cable ' is, or is 
likely to be, exposed to m^hanicai damage or 
weaihe^ng. 

7-8, When buried service wire must cross road- 
ways or streams, galvanized pipe should bf: used 
for protection- Figure 69 shows a pipe instaUation 
in which the pipe is secured in position so thai it 
will not be dislodged by traffic or cleaning. 

7-9. Of course, guard pipe for underground 
services is also necessary at the ends of the tn- 
siaiiation. Figure 70 shows protection at a termi- 
nal pole at the line eni and figures 71 and 72 
show protection at the station end. Note that 
pipe covering is provided from a point approxi- 
mately 12 inches below the ground* surface to the 
protector cabinet* 

7*1Q. If you must make an underground in- 
sxali^tioa follow the procedures as set forth in 
pertinent technical orders and you should have 
very little tpoublc. From this discussion on un- 
— ticrgroimd wiring, then* let's shift our attention to 
the protectors* which groiind dangerous poten*^ 
tials. , ' - 

%^ TfM Eitfrane* Hoi« and Sitrtioft PretMtor 

S-lr<ro cxten4 the Wephonc wiring into the 
buildings an exitnuxM luste must be provide at 
some convenient locatioiL Thfe hole should 
located to provide the shortot possible outside 
building run without causing Ins^ wiring prob- 
lems. Also^ some considctatioii slK)uld fae^ given 
,:o the location of the protector with respect to the 
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Figui« 74. Conductor arraogcnicnt in an ouisidc 
protector. 

entrance hole location. Since the protector may 
be located either inside or" outside of the building 
and also requin^ a good ground, it would sim- 
plify the job of installation to locate the entrance 
hoic and protector adjacent to an existing ^o^ind 
(water pipe, gas pipe, etc.). Whenever possible. 




Ftgun^ 75. Us€ of rwo ground rods 



it is b«t to select a poiot^ior the aitraoce. bole 
immediately above the i^uildiof l&uxidstiOQ sill 
Of mike the iattMce at t ^i^oodcxi fxma, cither a 
door Of wiadoTr. Catrance throu]^ m|tai f 
frames iboul4 be avoided * / 

. 8-2- Wmm tile Holt. After the locatiw fat 
the entnuicdWiolb been dtetcmuxwxl; the hole 
is then made by using a driiL . la goieraL the 
hole should be made large esiough to acasftn^ 
modatc the immediate ^d anticipated number of 
wires that will go into tte building; however, do 
not make the hole diameter greater than one«haif 
the width of tte material through "wiiichr the hole 
is made* Rather than make a hole with too laiifge 
a diameter* drill tw6' small holes. If an insulatiBg 
tube is used drill a hole just large aough^fiof the 
tube to enter. The^j^oper hol^ sias for the ' 
various insulated cube&.are usually given ia tech^ 
nical orders on installraon. 

8-3,^ To help keep moisture 03^ of the build- 
ing, entrance holes should be drilled so that they 
slope fipward from the outside. Avhen entering 
through brick walW, make the hole in a seam 
between the bricks. It is a gbo4 practice to drill 



from the side whm a go6d appearaxKie is most 

desirahtf .. it 

' 8-4, When it iinoiitiary to locate the 

hole at metal window frami^ set . in concrete, 

drill halfway frpm the insicte of the building and 

*halfMy .finnn tlu^f outside. Start ti^ holes so J 
that they meet N^pproximately 3, inches behind^ 
the visible enn of thp window frame. 

8-5/ The entrarure holes for exposed statiotis, 

^ require the use of insuiatidg tubes* except ai* 
follows: 

• ^hen service entrance conduit is used, np 
' , tXi^ is re<|ntrctl * 

• When the- entrance hole is niarf^ entirely 
throu^ brick ^or masont^, no tube is re- 

, quixed 

When nuking the i^MlatiDn, 9t least V4 inch of 
the nidbe should project beyond the surffee-^ the 

" wail Hpwever;it should not have 
1-inch projection; the tube should be cut, if 
sary. lis addidOj;C the tube must fit smig in t 

< entrance hole, it it does not, place sul^c 
layers of friction tape around the outside exid of 
the tube to insx^ a snug St, 




^ST^TIOPI 

m>rtcron 



nor uas 
THABi 10 rr ' 

AiOvC GHOUNO 



Flgaxe 76, Typicai service coflduit wimxt prottcior cibixm is iofide buii^tnt. 
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Figure 77, TypicaJ service conduit wbere protector cabinet is outside buildinj. 



8-6. Protector Intfmllflrioa* As mentioned pre- 
viously, the protector safeguards the statioa from 
excess voltages and currents. To do this, how- 
ever* it must be installed cprrcctiy and must be in 
proper working order* 

8-7. Protectors arc designed for both indoor 
and outdoor instailatioc. The outdoor protectors, 
however, must have covers to protect them from 
the weaker. The function of indoor and outdoor 
protectors is basicaUy the same. That is, when 
excessive current flows through fi;ith» fuse, heat 
is produced melting the fuse eiement and open- 
ing the circuiL^ High volta^, however, is 
grounded bi mc&ns of a carefuUy designed air- 
gap. This ais^p is quite small — spacings bc- 
t^^een 3/1000 inch and 25/1000 inch arc 
commorf* If prottctors arc improperly mounts, 
carbon dust can fill this small pp and create a 
permanent ground, Somctimci a permanent ground 
is created by the heat from !ighming. 

8-S, Station protectors should be located 
where they arc readily acceiM&ibie for inspection 
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Figure 78/ Conceakd wt.Te nm for frame conssmction. 

. ? 




Figuw 79. CaoatMlMd nitt run for.nusonry 
cotjstxuctios. 



and mainteoano; and as citse aS possible to she 
entrance hole. A location should be selected 
which penniw the use of a short ground wire 
dtrectiy connected to its groi^ding device, FiC' 
ore 73 shows a typical outside protector mount- 
ing, "When a protector is mounted outside, it 
shoiild be placed ao mosc than 5 feet above the 
^ ground level. A clearance bf I foot or more is 
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Rgort SO. PartiiiJy concealed wire run. 



required between the protector and any power 
instaiiatioa. 

$'9, FigUK 74 tewi a typicil condoctor a^* 
r&iig^i^t for !in outside protector. Kote that ail 
wiring letves the protector at the bottom. Also 
note that the line wiring conae«;ts to the two 
lower tenninals in the prptector. and the station 
wiring- connects to the two outside terminals" near 
the top. The ground wire connects to the center 
terminal at the top. With an inside protector, 
this situation may be reversed. That is. the 
ground wire and the station wires may be i:an- 
nectcd at the bottom of the protector and the line 
wirw connected to the top. This mc^ns, of 
course, that the protector would be installed with 
its ground and station wire terminals at the bot- 
tom rather than at the top. 

8-10. If a station protector is to function 
properiy, it must be connected to a good ground. 
The installer must connect the ground wire to 
the preferred gnjund if it is available. The fol- 
lowing is a list of suitable grounds, placed in the 
order of Iheir preference: 

(I) The cold water pipe of a public or base- 
water system. 

f2) The cold water pipe of a private w-iter 
system, providing the system contains at least 10 
feet of buried pipe. 



WIRE EXIT HOLE 




Figure S 1 . Wire run in molding groove. 
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(3) A penninenUy instiUed metal tank, con- 
duit, or pipe. 

(4) A ground nxL In dry txid saiuiy sotl« and 
m utxmdy COM 4fle XQd 

an arifcpiitff gitmx^ In such eisca, it may be 
accessary ^to use several rods strapped together. 
Wten several rods are usi^ there should be at 
least IZ inches of s{»ce between tbem« Figure 
75 shows two ground rods strapped together. 

S-II. There are three sizes of wire available 
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Jot making ground connections: Mos. 6, 12« and 
' 14 AWG rubber- or plasiic4n*ulated wire. One 
(useless protector or thtee fused protectors may 
be SKMiided ihso^ ^ H wik. Two fusetess 
or Sve fused protectors niay be grounded through 
No. 12 wire. Any number of equipment protec- 
tors may be grounded through No. 6 wire. If d 
ground rod is used imtead of oti^r preferred 
grounds, a separate rod with separate ^ound 
wiring should be used with each protector. 

8-12. Good Ideations are important for the 
grotuid and ground clam[» which secure the 
ground wire* Also, it' is very important that you 
follow (^rreot elntrical pract^ in maidng all 
ground wire conn(xtions. It is just as important 
to have gow ground connections as it is to have 
good connectioas at aU otl^ points in the circuit. 
In many circuits, as ^ou l^m is section IS, 
the ground return is used as part of the ringing 
circuit 

8-13. The actual location of the. ground rod is 
influenced by bmkage or tampering possibilities; 
do not put it in public alleys and streets or on 
the sidewalk side of a building. The most suit- 
able place for ground rods is in the basement of a 
building, as clo:^ as possible to the basement 
wall. After inst^ation, inspect the rod to make 
sure that the tail wire is not broken. 

S-U. Several rules ^ apply to ground wires. 
Never use spirals or bends greater than a right 
an^c. Also, the ground wire must be one piece. 
Short sKtiohs are Jillowabie only as straj^ be- 
tween protectors; splices are ^jJ^wabi^oTjjy be- 
tween the ground wire and thc^grouna rod, and 
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Ftgure S2. TyptcaU station wirt attachments. 



Figure 83 Issulatjng protection for wire. 
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Figoxt 84. Grid 

between the ground wire and a common No. 6 
ground wire, mother rule is that the inamiment 
wiring and the protector ground wire must be 
separated on open runs; that is, inside wires must 
be placed under $ep atcly mounted fasteners. 
Do .not twist inside wires and protector ground 
wires together. Remember, the ^und wire horn 
a protector is not placed in a ring run. Also, the 
ground wire running to the ground rod is kept at 
least 6 feet from the groimd rods of other 
services, 

9« litikte Wint Pionning and litstolloMoif 

9*L The installer-repairman must plan the in- 
stallation of inside wiring very carefully. To do 
this, he must consider the particular building ar- 
rangement as Weil as the needs of the personnel 
or organization occupying the building. Since 
very few buildings are exactly alike and the tele- 
phone requirements in different organizations arc 
seldom the same, it is evident that the inside 
installation must be tailored to the specific 
situation. 

9-2. Selecting the telephone location and in- 
suring a good wire appearance are the first steps 
in planning any effective installation job. In the 
following paragraphs, you will Icam the criteria . 
and methods you- should consider in such plan- 
ning. ^ 

9-3. The type of inside wire, the wire fasten- 
ers« the lead * in. and any special job require* 
ments should all be considered at the beginning. 
In othCT words, plan the inside wire job at the 
timr you plan the drop wire run and select the 
pomt ol emran^ ^ 

9-4, Teiei»teiie nd Wire-Eatrtiice Looitimss. 
First, let's consider the telephone location, which 
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rk ondextloor duet 

should meet the fbllowing requirement: The 
bell should be clearly heard by the user within 
an area of reasonable size surrounding the tele- 
phone location; the telephone should be in a dry 
place; it should^ not be near a grounded metallic 
object such as a radiator or sink, and never near 
any electrical apjJlicance. If the telephone can- 
not be separated from metallic objects, shonen 
the handset cord so that the user cannot contact 
the metallic object or electrical applianw when 
he is using the telephone. Dial sets should be 
located where there is sufficient light at ail times. 
Also, the telephone set should be accessible for 
inspection and sepair and should be in a loca- 
tion free from excnsive vibration. Frequently, 
you will have to mount wall sets on a backboard. 
If a combined set is being used, yoii can usually 
put the set on the desk. That is neither the back- 
board (for the wall set) nor the bell box (for 
the d^k set) need be considered for the com- 
bined sets. 

9-5. let us assume that our instailatiott re- 
quires an outside mounted protector. At once 
we are faced with the necKsity for making the 
proper wire entrance. Of course, this entrance 
location dei^nds on the proposed location for the 
station apparams and the required or most ad- 
vantageous routing of the interior and exterior 
wire runs, ^fore selecting an entrance location* 
make ^ complete survey of the premises and of 
the interior and exterior wire routes planned. 
The survey |hould ^^isciose whether a built-in 
entrance , (service cocduit) has been provided 
for the btnldiflg. as shown in figure 76 or 77, 
When service conduit is provided, use it for tne^ 
building entrance whenever {practicable. 

9-^. If built-in service conduit 1$ not provided 
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or is impracticable, you must make an entrant minimum maintenance will be needed and satis* 
hoie af explained previously in this chapter. \ factory servira life will be increased These 
9-7, \f^mmm^. mi BMte ol Wim. The air- \ should be the dedding factMs and are of mqre 
mm intfaiiri laay UoA little xl^mu between VonsequciKe than ^ leaftb of the wiia na- 
possible instrument locations within buildings, 9^. Tlus appemrance of the indde wire nm is 
becafie the telephone must sometimes be used fr^imstiy less important in Air Fom installations 
at, or near, a particular desk. Ho«^ver, the in« thaibL it in commercial installations; however, 
side wire run should follow a reasonably direct in ev^ situation a workmanlike job should be 
path Irom the point where the wire enters the soughi\^ Since a concgaied wire run will elimi- 
building to the instnament lotttion and should nate mott appe^ ranee problems and some main- 
be free from obstructions. It by selecting a tenance problem2^ you may frequently select this 
loo^ route, you can avoid a concentration of type of roti^te. In seleoing and using a coi^^ed 
pipes, electrical equipment or moisture areas wire route,\you need a working knowledge of 
wl\ich would be damaging to the wire, then by building spates. For example, frame buildings 
ail means do ^so. That is, select conditions where genoally have air spaces between the inside wait 




Fjgiire 85. Cciluiar steel floor type, uaderflfxsr (hict. 
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DISTRIBUTING TERMINAL 



FiguTp 86. CcQfihiic uaderfloor ffons walls. 



9-9. For examples of concealed wiring back 
of building wails, refer to figures 78 and 79. 
Figj^ 78 shows concealed wiring in frame con- 
struction, and figure 79 illustraics concealed 
wiring in mawnry construction. Where appear- 
ance or probability of wire damage is of sufficient 
importance, you may fish the telephone wire 
through these spaces; but more rapid installations 
can be made by following a molding or base- 

OISTHIIUTJON TtRMIilAt CAilfHf Ti 



U6HT WiUkS' 




Figure 87. Metal bafti rau:ew«y. 



board Figure SO shows a neat wire run con- 
cealed for only a short distance. Note in this 
illustration that the wiring is concealed back of 
the wail from the molding down \o the subset. 
Note also that the exposed wiring follows the 
molding along the wail. 

9- 10, Many Air Force installations are not 
suitable for concealed wire; therefore, wire runs 
must usually be made on the surface. Following 
are several rules that apply, for surface runs': 
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Figxjre U. Wooil base ra^^fe^**v^ 
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Fifun 19, Mcstl o ¥irf k>o f docL 
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• '"follow thtt.bas«bo«rd ratbtr thjm 
th« csiXingf line except in a baa«B»nt.' 

• Uie wire mftMi"!, lecture moldtflsi. or race- 
wayi when tbey are avaiUbte. 

• To prevent danuise. place the wire in a 
metal or wood moldii^ on^vertical rues where 
picture or door moldings are not accesiibic 

• Be sure that the ioside wire doa noi iater- 
fere with the operetioo of windows or doors and- 



that the wire ran does oot span stair weiis or 
other opa& pla^ 

« Do not isii»s Naot'^Mium nms ai»wB. 
work benches or stored l:i»es unless the wire can 
be piacoi whoe it will not be dama^ 

' • If Joitts must be spanned,^ stay within 3 
inches of the walL 
*• > 

9<U. For an esample of wiring in a molding 
groove, refer to figure §1. As shown in. this il- 
lusiration. the wiring enters an upstairs room at 
a molding near the ctiling. It fdlows this mold- 
ing to a poiiUon across tt» rocnn where it goes 
back of the wall aod down to a lower molding. 
It tl»ti follows this lower molding to a position 
where it can be connected to a suSset (n addi'^ 
tioo, mne that is an aUenate wire exit 
shpwn for tl» connecticni of a wall-mounted set 

9-12. Locatioa and- appearance are not the 
only facttirs that determine the wire to be used 
for an inside wire run. For example, locations 
where sevoe moisture conditions may cause wire 
trouble, such as. the area under the building, re* 
quire the use of a moisture-resistant wire. This 
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Fsfun 90. Maul ovcrfloor dact fittiagi. 
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win suy alio be \a«i as a nibitinffit fc»r br^e 
win. If ap p earance ii very impoxtafit, use a 
wire builc tor appearance, oak iuviag a jacket 
that bknda with iiocxhrc»fc or desk coloring. 
Ivory-jacketed wire is available for Ught-colosed 
woodwode and brawn-jacketed for malx}gaay or 
walnut installations. 

9-13. Wfav ^PrataetkM awi Artw>bwteaf«. Win 
installation techniques depend upon the job sit- 
uation. Throu^xmt the wire run, wire miot have 
the proper clearance and protection. If wire is 
secured to waUs or goes thrat^ wails, floors, 
or cexlings. you must use proper fastei»n and 
prescribed protection nutluids. The fasteners for 
inside wire are designed to fit almost all situations 
which you will encounter, however, remember to 
place tl» fasteaen over studding in the walls and 
never to fasten wires directly to conduits, pipes, 

HO. a KM 
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or their lupportt. Figure ^82 Ulustratei some of 
the wire attichimnti used in baiemcati. sGore- 
roftnSr <Hfaer atiia wbem ifiipttcaaec ic 
Sicoadaiy, In ll&iilied ioobi tad bffi^ d^ 
cz«a cable damps ex&jdoying ^sttaers suiubte for 
, the wall tuifice suppoitiag the wire run are used 
In many I'nitancn. various types of staples are 
used in the attachment of inside wirinf, including 
some which an applied with staple goas. , 

9-14. Tbm pKAKie^ foe ia^ wiring (ope 
wrappings, por^aia tubes, wov»i conduits, etc.) 
is selected to suit the job at ha^ Figiue 83 
stows jiiamples oi pootectios appiUed for varimis 
situatiom. Woven conduit is usftl iri»n shaping 
of the ^(Mective Mndsiit is rei|piited, u when 
the wire crosses a pipe or beam. Xott the meth- 
ocb used td prevent slipping. Porcelain tubes 
should be used when crosfing expoaed steam 
pipes or opos electric wires. Whenever practice- 
able, a wire run should be above rather than 
below any wa|^ pipe which mm be omsed. 
Water pipes may sweat under certain cdnditions. 
You should maintain at least 6 inches clearance 
between telephone wiring and foreign ground 
wires; howev^, since you cannot always do so, 
the imstections shown are used where the wire 
cannot be separate from other objects by the 
proper clearance distance. 

9-15. Remember that between the pomt of en- 
trant and- the inside-mounted protector, the line 
wire must not touch nor be capable of moving into 
a permanent contact with any combustible or elec- 
tric current-conducting material 

9-16. Use CoBdak. Conduit is frequently 
used for telephone wiring in Air Foice building; 
henn you must understand conduit arrangenients 
and know how to ran wire in conduit. First, 
let us consider conduit in general. 

9-17. The conduit system should be designed 
with its primary purpose in niind: to inclose and 
support ttw building cables and wiring. There- 
fore, even if the characteristic of a building 
indicate the nnd for a conduit system, a detailed 
design should not be prepared until the required 
locations, quantity, and type of service have been 
carefully determined. 

9-1 S, Building conduit systems not only elimi- 
nate the hazards, exposure to damage, and ob- 
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j«ctiooftble appMnoce of uocsHKnwM ^ 
wiring but liso fadliuse tte iBttftUwoo ihc 
acceu to tiie buikiing abls fdAot Thut« ftfture 
changes in the location and number of telephones 
are leas difScuJt Because of these charactcriKi^ 
conduit systems are particularly desirat^ for 
buildings having a large numbn of teiephona; 
but regardless of the service requirements, con* 
duit should also be installed is buildings or areas 
where: 

• Exposed cable and wire vrauld - be sub* 
jected to mechanic^ or electrical damage. 

• Exposed cable and wire would coiatitute 
a hazard 

• The appearance of exposed cable ;ind wire 
would be objection^le. 

9-19. The above-mentioned characteristics may 
apply to ail or part of a building; therefore, the 
need for condmt is determined for each area 
of a building, rathn* than for the building as 
a whole. Some buildings are designed and con- 
structed for organizations of Icnovin and ac* 
rivity and arc establ^hed by building type, pro- 
vided the building is used as planned 

9-20. If conduit is to be concealed, it should 
be imtalled before the building is completed. Al- 
though some^ conduit may be piac^ , aifter the 
building is fiioisbed or during remocteling, it is 
more expensive to install and very diffictilt to 
conceal. Furthermore, a «nduit syst^ added 
to 3 completed tHiilding may sK)t be as effective 
as one that is planned and cdi^tructed as an in-* 
tegrai part of the building* So ii^iaUation of ef« 
Hcient and eopncmiical conduit systems demands 
the comf^te coordin:^Ofi of all agerydes con- 
certed NsHth: wmtfruction of tte bmlcfing, ^ 

9-21. Basically, thert are four general types 
of blading ouuiuit syti^ns: unckriloor ducL 
conduit underfidor^from*wail base raceway, atid 
molding raceway. Thise systeam protect the con- 
ductors from mechanical injury and provide easy 



a«;ess for instailadcm of wic^ and cM!l^ettoit&. 
They also ccmceai the conductofi whqse expomw 

9*22, Undtritaor dticts. U ndetfioor ^duct sys« 
terns are (tf two ldf»lft----fr^jwoffc and cellular 
ste^ftow. l%e gfidwckrk syatem, shorn 
84« is tnade up of paraUel hei^ ducts running 
frrai distribttlkM terminal cabinets* These par- 
aUel duets are nonoaUy spaced from 20 to 60 
feet apart ParaUei Imnch ducts spaced S to 6 
feet apart tun it r^t angles to the header ducts. ' 
J^ncticn boxes are po ai tkm ed at the intene^oiu 
of the header and bran^* duets. Ftoor oudets 
with removibie caps are spaced about every 24 
iiK^ along the duct runs. Separate conduit 
is (oed with this system to carry tie cmbtes 
between dbtrtbuting termina] cabinets and splic- 
ing closets* 

9-23, In the ceflular steel floor system, shown 
in flgure 8S. the «lls or ducts in the floor serve 
as wiring channels. These ducts are placed on 
i 6-inch centers* Usually* particular dt^ are as- 
^ signed a definite use* For example* telephone 
wiring may be psiped to the- in-between ducts. 
Thus, the telephone iwtaller may have access to 
d^cts spaced at 12-inch intervals across the floor. 
Outlet heads may be installed at prfctically any 
{^int along the di^ runs* These parailei ceils 
are crossed by header ducts which run to di$« 
tribution terminal cabinets. Junction boxes are 
providi»i in the h^er ducts. 

9*24. Conduit underfloor^from-wall. The con* 
duit underfloor-from-wail system* as the name 
implies* is a network of conduit extending from 
distribution terminal cabinets to outlet boxes in 
the walls* colunn-. or fJoors of a building. Figure 
86 Uluftrates z typical underfloor-from-wall sys- 
tem. Note how the conduit extends undcrfloor 
from a distributing terminal to various locations 
in the building. 

9-25. Bqs£ rac^ays. Base raceways systems 
may be eitter tnetat or wood. The metal race- 
ways are merely wall baseboards that contain 
channels through which wire can be run. (See 
fig. 87.) 

9-26. Outlets are provided at intervals alone 
the face plate of these baseboards. Wooden race- 
ways are alio wall baseboards but with a space 
in the rear through which the wire can be nm, 
(S« fig* 88.) A riot between the wood base- 
board and the baseboatd molding is used for 
outlets. Conduit fitro distribution terminals to 
boxes mounted in the walls behind the base nice^ 
^ays is j^sed with both the wooden and mcui 
raceway systems. 

9*27. Molding rm'i'^ut\'s. Vfolding ruccuux 
systems arc similar to base rncin^^y systems 



ccpt thai she; wires arc distributed through con- 
cealed channels , at the rear of ceiling moldings, 

9-28, P/tfcmy ^/>tf run in conduit. When vou 
are required to make stauon wire nms in build- 
;iigs tjquippcd with some type qI conduit ^iys^ 
tem. trace out the duct runs and locate the outlets 
which are best suited for your purposcr After 
this has been done, use the simpiest and most 
direct route for the wire run. Note,^ Make cer- 
tain ,that the telephone wires are not placed in 
the same ducts with wires from other services 
such as power, intercommunication systems, or 
electncai, light wires. 

9-29. Station wiring can usually be placed 
directly in raceway type building conduit systems. 
In undertloor systems the wire must be **puiled 
m." The use of a fishiine or tape is usually 
required to pull wires through conduit. If a fish 
tape is not- available and there are no sharp 
bends in the duct run, a length of galvanized 
steci wire is a good substitute. In cither case, 
the fish tape or wire is first pushed through the 
conduit; the sution wire i$ then attached to it and 
js drawn into place by removing the fish tape or 
wire. If the wire is hard- to puU in the conduit 
because of the length of the run or bends in 
the duct, the wire may be lubricated with Flax- 
soap or Caibowax. Only a thin film of lubricant 
iS necessary. Excess amounts, if left in the ducts, 
Will become gummy and tend to ciog the ducts. 
Note: Do not use a lubricant on textile-covered 
wires or cables and never use a mineral oil 
product as it may deteriorate the insulation. 

'^-30, Installation, Of course, the installation 
ot conduit is largely determined by the conduit 
For example, extensive undcrfiocr mstal- 
lai-ons can be made only while the building is 
be:ng constructed, but ovcrtloor duct svstems 
may be placed in a completed building: and. m 
^^enerai, where undcrfiocr conduit has not been 
provided, overtloor duct may be used. Either 
metal or rubber ov^rfloor duct may be used. 
depi?nding on the ilcor surface. The followmg 
paragraphs describe metal and rubber overfloor 
duct and discuss the uses and instaiiation of each 
type. 

9-31. Wtizl overtloor duct ^fig, consists 
of a base with sloping sides and a snap-fit cover 
and is available in two sizes, each m 5-foot 
lengths. The smaller size will accommodate five 
pairs of four triple-plastic-jacketcd station wires: 
the larger size will ^commodate two 26-pair 
mside wiring cables. Two fiber wirc-retaimng 
clips are furnished with each length. 

9-32. Finings equipped with triple twnstouts, 
provide any accessary outlets* elbows, and jupc- 
tions in the duct run. Removal of the smallest 
twistout provides the proper size opening in the 



fitting for the insertion of the smaller size metal ^ 
duct;" and removal of all thred twistouts provides ' 
a large enough opening for the larger size metal 
.duct One Is us^ under the desk to run the cable 
Of wire ur throu^ the ejftension outlet by the 
use of a service fiuing. Figure 90. B. illustrates 
a large service fittmg whicJt is used when a num- 
ber of wires or cables* are involved. The eJbow 
adapter, shown in C of figure 90. can be used 
when it is necessary to run»wires up a wail. 

9-33. Metal overfloor duct is used on rough 
floor surfaces where holes in the flooring for 
the fastening devices arc not objectionable and 
where secure fastening to the floor surface is 
desirable. For example, small size duct is in- 
stalled as follows: 

( I ) Run the base of the duct along the de- 
sired wire route. Connect the duel to the proper 
fittings by inserting it in the tongues provided 
in the bases of the fittings. If the length of the 
duct run exceeds 5 feet, add additional unit 
lengths of duct as required. When necessary, 
cut the duct to proper length with a finc-tcoih 
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hacksaw bi^idc and smooth the cut <dges with a 
flic. For better rigidicv', arrange adjoining kngths. 
of duct so that the joint 'of the duct caps is re- 
moved frojs thai of the duct basei (fig. 91 ). 

(2) Fasrcn the base to the fioof with wood 
screws, wood screws in screw anchors, or ham- 
mer dnve anchors, your choice depending on the 
type of tlooring. Also, if the floor or baseboard 
IS uneven and an eibow ad;^ster does not fit 
snuggly. sectire the top portion of the adapter to 
the baseboard with a No. 8 roundhead wood 
screw, as shown in figure 92. Drill a hole for the 
screw in ihe center line of the fitting about 1 
ioch from the top. 

9-34. SWkm Wire Tennioatiois, Once the sta- 
tion wiring is complete ail that remains to be 
done in the building is to make the nect^&ary 
conneaions. Generally, the station wiring is ter- 
minated at protectors, connecting blocks, or dis- 
tributioa terminals. Information about the use 
and connection of protectors was given earlier in 
this chapter. Therefore, let us now consider con- 
necti.ig blocks. 

9-35- Cormectinif blocks. Connecting blocks 
are normally used in three different ways: 



• To terminate (connect) the line and station 
wires near the building entrance when a protec- 
tor is not required, 

• To bridge station wUing* 

• To connect station wiring and telephot^e 
cords, 

9-36. Connecting blcxrks may be located on 
d^ks, tables, baseboards, beams, windows, and 
do6r frames in a substation installation. Since 
splices aft avoided in the instsiliation, the con-^ 
necting block is doubly necessary. The location 
of the connecting block, like that of other por- 
tions of the installation, should be selected •for 
accessibility and safety. Placw the connecting 
block where neither* it nor the wiring which runs 
to it will be a source of trouble. 

9-37. In figure 93 you sec a simple type of 
connecting block used as stated ' in paragraph 
9-35, above. Be careful when connecting the 
wires so that they are tip to tip and ring to ring. 

9-3S, When the tciephonc is on a desk, a con- 
necting block similar to the one shown in figure 
94 is frequently mounted on the -desk with the 
telephone cord brought out through a slot or 
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hole in the desk top and within a few inches of 
the fronc ot the desk. If this axtanj^cnt is noi 
pottibie^ mount the connecting hiock on the side 
Qf the desk. The type 42 block is shown with 
the cover removed and indicates the means by 
which wires are brought into the connecting 
biock. Notice that the station wire is wound 
around the block so that a strain on the wire will 
not tend to puil it loose from its terminai. Also, 
the telephone cord coming into the connecting 
biock is arranged so that a strain will not cause 
a direct loosening of the connection. While ob- 
serving figure 94, you should also note that the 
block tenninals are identified by the letters '^R." 
"G," "B." and **Y " These letters are used to 
identify the tenninals for the connection of sta- 
tion and cord wiring* Normally, these letters 
signify the colors of red, ^een, black, and 
yellow. The ring and tip leads are usually con- 
nected to the R and G terminals on the block. 
However, to terminate any telephone equipment 
you must cotmcct it in accordance with the color 
code and the circuit diagrams for the piece of 
apparatus concerned to insure proper operation. 

9-39. Distribution terminal. In isuildings 
where a large number of telephones are in- 
stalled, such as offices, apanmcnt houses, etc.. 



distribution terminals arc often used for tcrminat- 
ing the inside cables. This t\*pe of terminal ar- 
rangement is illustrated in figure 95. While ob- 
serving this type of t^pminal, note that fanning 
strips ore provided for cable pair identification 
and for the identification of phone wires by 
either station or room numbers. AUo note that 
a ground strip is - included which provides a 
ground terminal for each phone in the building, 

9-40. When a distribution terraiiml is pro 
vidcd, you will find it advantageous to connect' 
the station wiring directly to the terminal. When 
such connections are made, you should leave 
enough slack in the wire so that it can be ter- 
minated at any binding |K3sts in the terminals. 
This sviring arrangement is usually accomplished 
by routing the wire through the distributing ring 
farthest from the assigned set of binding posts, 
as shown in figure 95. 

9^1. Installatioo of Station Apparatus. After 
the station wiring is installed and terminated, 
we arc then ready to connect the telephone set 
and any other auxiliary I '^uipmcnt. Auxiliary 
telephone devices such as signaling equipment 
switching keys, etc., arc normaiiy called station 
apparatus. 

9-42, Subsess. Curabined subsets are the easi- 
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e$t items to install, becaiise in most cases it is* 
oaiy neceuMiy to connect- tiie proper wires to the 
pmpa* termiffatf Wix Castas an not le* 
quired if the subset is placed where no strain 
will be placed on the condactors. or if the wire 
is entirely <»ni£:esied ss it trames to the subset. 
Remember, the cord cotmections and the inside 
wire conducton are connected toother at the 
terminftii of a connecting block mounted on the 
desk, wall etc. Each telephone should be con- 
nected to the line in accordance witi^ the specific 
wiring diagram instructions furnished by the maxi- 
ufactnrer. Figure 96 shows terminations of the 
hand set cotd and the line within two subsets. 

9^3, D0sk :yp€ tikphoM. In mc^ casa, it 
is not good practice to attach wiring to dosks. 
In situationi where it cannot be avoided, you 
should allow at least 1 foot of $lsu:k wire between 
the floor outlet or last wall attachment and the 
first desk attachment This wiring arrangement 
allows the d«k to be moved slightly without 
damaging the wire. If a connecting block must 
be mounted on the desk and the desk panel is 
less than H inch thick, the panel should be built 
up with a wooden backboard to increase its 
strcnffth. A wire run on a desk must be neatly 
installed and concealed as mi;ch as possible. If 
it cannot be concealed be sure that it is neat 
because a sloppy wire run is noticed by every- 
one. To help provide concealment the wir;e 
should be placed in the angle formed by the top 
and sides of the desk or in the angle formed 
by the legs and pac'cis of the desk. You should 
use inside wiring ni'lf of staples for attaching 
wire to the desk. 

9-44. Some types of desks are equipped with 
wiring facilities. On metal desks equipped with 
wire runs, the wire should be protected at the 
entrance and exit holes by installing the soft, 
rubber grcmmets provided or by placing several 
wrappings of tape on the wire. Figure . 97 il- 
lustrates the wiring arran^naent on a desk 
equipped with wiring facilities. 

9-45. SigfuHing equipment. In the installa- 
tion of telephone equipment, you may come 
across situations when normal Station ringers do 
not meet the signaling needs of the subscriber. 
Also, when installing telephones on party lines, 
it may be necessary to connect the phones for 
variotxs types of selective ringing. In installations 
where noise makes it difficxilt to hear the tele- 
phone ring, it may be necessary to install such 
apparatus as extoision ringns^ loud ringing bells, 
buzzers, or lamp indicators. Also, when the. in- 
dividuals on party lines do not wish to hear the 
ringing for other parties on the line, it may be 



necessary to install a selective ringing system of 
some sort Extension ringers, loud beUs, and 
selective rmging systems are discussed in Ch^ter 
4 of this volume. Therefore, we will not discuss 
their operation at thi$ time. 

9^6, Trcmsfer keys. Transfer keys are nor- 
mally used in small installations where it is im- 
practical to install complicated key systems and 
it is desirable to have more than one line con* 
nected to a single telephone set. Transfer keys 
may be used where it is deurafale m have one 
party answer aU incoming calls and of course, for 
transferring the calls to other penons. There are 
numerous types of keys available, both ptishbut- 
ton and lever typn. Regardless of which type 
you install, they must be located where they are 
the most satisfactory to die user from the stand- 
point of appearance and convenience* The usual 
practice is to mount the keys at the side of the 
desk (St table leg. When connecting a transfer 
key, it must be terminated in accordance with 
the instructions for the type of apparatus used. 

9-47. Special equipment. The installer-repair- 
man may be called upon to install special equip- 
ment such as explosion-proof telephones, re- 
cording devices, and other specially designed 
apparatus, 

9-48. Explosion-proof sets arc intended for 
use at all locations where the atmosphere con- 
tains gases or vapors capable of exploding. These 
sets arc constructed so that all parts of the 
apparatus which micht cause a spark are com- 
pletely inclosed. Rigid conduit must be installed 
with these explosion-proof telephones. The con- 
duit mixst run from the set to a point outside 
the hazardous area and all openings in the con- 
duit must be scaled with an approved sealing 
compound. Generally, normal installation practi- 
ces may be followed except that a line switch 
must be included to discharge the condensers 
whenever it is necessary to open the telephone 
set for servicing. 

9-49. There are numerous recording devices 
manufactured that can be placed at the subset 
to make recordings. Basically, there are t%vo 
types: an induction type that raereiy requires an 
ac power source and a directly connected type 
that must be wired across the telephone line, In 
any case, such devices arc accompanied by com- 
plete instructions for installation. Recorders must 
be wired, however, to meet certain require- 
ments: One of these is that there must be a 
*'becp'* signal applied to the line whenever the 
recorder is in use, Foliow^the instructions fur- 
nished with special equipment and you should 
have little trouble with its installation. 
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9-50. The workbook contaias a number of tuftiing to Chapter 3. where we shall complete 
qi^Ktioos designed to assist you in reviewing' the ^our explaaatieo of the installation by teiliag you 
material discurtcd ia this chap^. It is to your < how to conaect the dro{) wire to the telcphoos 
advantage tha^ you do these exezdses befow line or cable terminals. 
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Statibfi Terminqtion and Testing 



TN CHAPTER 2 we were concerned with the 
^ an a c h n a cfltt uKd in the telephone sutetation 
axM and with the installatioa of inside and 
outside building wiring, telephones, and auxiliary 
teiefAone devices* yoa have canpleted the 
insiaiiatiop of the building runs and station a|>* 
p2»tus, you can tl»n complete the connection 
to the telephone line or cable terminals 

2. To complete the coxmection from the build- 
ing to the terminal^an you must first raise the 
drop wire into place and attach it to the pole, 
{>roviding the proper amount of sag. Secondly, 
you must connect the drop wire to the assigned 
terminal connections. And finally, after all of the 
comiections have been made, you must test the 
completed installation for proper operation. This 
chapter tells you how to make the final connec- 
tion and describes the necessary tests which insure 
satisfactory operation. 

10. Cobl« T^rmiiwtions 

1 0-1. Before you consider drop wire tennina- 
tioG. refer to figure 2 and recall that the drop wire 
extends from the building to the terminal pole 
and that it is connected to terminals inside of the 
terminal-can. /These terminals are connected to 
cable pait^ j^ch extend throu^ the cable to 
equipment it the central office. So in reality, 
when you connect the drop wire to terminals in 
the terminal^an, you are connecting the subs^ 
installation to^equipment at the central office. 

10-2. Proccdam The procedure for wire ter- 
mination is relatively simple — it requires bringing 
the wire from )ht btiilding to the terminal pole, 
placing it with the proper sag« and completing 
£ood el»nncal connections. The general practice 
in placing span runs is to work from the first build-* 
inp «tttachment out to the terminal pole. The span 
may run directly to the terminal pole; or to miss 
crea and othor objects the span may first ran 
to an intermediate pole or to a span clamp 
mounted on an aenal cable suspensk>n strand 
A typical procedtire for plying a span directly to 
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a terminal pole is given in the following stib* 
paragraphs and'is essentially the same in all cases. 

( 1 ) Phue the drop wire mi assemUy on the 
ground close to the building, as sinswn in figure 
9S* Arrange the reel so that ti» wire pays out 
from the bottom. 

(2) Make sure that the building run is already 
completed, 

(3) Carry the drop wire reel assdmbly out tp 
the terminal poie. Pay out the wire on the ground, 
allowing sufficient slack for the wire to lie flat 
on the ground. Place the drop wire red assembly 
next to the tenniual pole. If the drop wire mosses 
a roadway, remember to take any precautions 
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Figure 9S. Reel .arrangemeas for paying out drop wiie. 




(10) 'Giffib the pole. If the <Irive hook wis 
not ^pfn^usly imtaUed (step 4), iptaU it 

{ U FP5fr up ito 4witi««e to ^^^^ 
AttMh a drop wire clamp to the drop wins, PUcc 
the loop of the drop wiro dimp over the drive 

(12) Remove the HandUne from the drop 
wife. Cut thR drop wire at:i -point that will pro- 
vide enough wi^re to nm from the drive hook to 
the cible or drop wirq tenmnaL 

(13) Install the i^cmary mtermeditte pole 
attachmcms and run ti^e! drop wire to the cable 
teniiinal or to the drop wire tenxsinaL Tennixiate 
the drqp wire, y 

10-3. S^i^Bf; Mow let us ccmsidcr seme prin- 
ciples for prec^iing ste{»« For example, dev- 
ance requiretaents, appearance considerations, and 
the possibility of dama^ from swinging contacts 
with other wires or obstructions will dctcrmitic the 
maxi m n m ss^ that may be placed in a drop ^rae 
spaa. Normal practice is to sag the drop wire^at 
approximately {but not less than) the 
sag given in table l.^Thcsc stringing sags will 
provide a .favorable ' operating tension in dxtjp 



Figure 99, RaUing drop wire. 

necessary to protect it. from being run over by 
passing vchicies. If the wire is damaged, however, 
uqspect It 4nd repiaco any damaged portions. 

(4) Qimb the pole and insiail a dnvc hook 
to support the drop wire. On aerial cable poles, 
when you can throw a handline over the suspen- 
sion strand, you may install the drive hook later. 
At locauons where tragic is heavy, install the 
drive book before the other placing activities arc 
begun. 

' (5) Place the handline over the drive hook. 
Ad^t the handline until both ends r»st on 'the 
ground. ' 

(6) Descend from the poic. Tie the end of the 
handline tha); is ncajTest the bOxlding to the drop 
wire, using a bowline knot. ^ 

(7) Adjust the brake ^ of the drop wire reel 
assembly to provide a drag on .the drop wu^e and 
to prevent the red from spinning freely. ' 

(8) Take up^^n the free end of the handline 
. and slowly nme the drop wire to the* drive hook 

* or suspension strand tSg. 99). 

(9) Secure the drop wire in this position by 
tying^the Jrec end of the handline to a pole step 
6r to the base of the pole with a clove hitch 
(fig. 100). 

SO 
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HEAVY LOADING AREA 






50 (or le-^ ^) 




0 ft 6 in 


0 ft 6 in 






75 




1 ft 0 in 


1 ft 0 ii 
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0 
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I 
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1 
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1 
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7 ft 0 in 








225 




9 ft 0 in 








250- 




11 ft 2 in 









Wire spans and stui mamtain required ground 
clearance under usual construction conditions. At 
these mmimum sags, the stringing tension wiil bc^ 
approximately 30 pounds. The tabic has betn 
compiled to cope wjth the nonnai weather condtr| 
dons cjipcnenced in various parts of the countr\' ^ 
Figure 10 illustrates the storm loading district; 
map used to determine which portion of Tabic 1 
IS used to cakuiatc the proper stringing sag for 
a drop wire span. In areas where high winds, 
freezing nuns, and wet snows are common, the 
upper part of the table sets the sag. Where 
milder weather is experienced, the lower portion 
of the tabic \s used. Note tiow a heavy load of 
ice and snow wUI stretch a span, thus incrcasmg 
the amount of sag- 

10-4. The proper stringing sag ts idded to the 
drop by finding the amount on the tabic and 
measunng down that amount from the first at- 
tachment on both the bmldmg and the pole. 



Sighting from the marked point on the pole to 
the marked i3oint on the building wiU indicate the 
amount of sag. If any portion of the span extends 
below the line of sight, the sag exceeds the mini- 
mum requirement. When, because of clearance 
or separation requiren.ents or obstructions in the 
span run, you cannot place the minimum sag in 
the proposed span run. you must usuaiiy provide 
protection for the drop wire wherever wire dam- 
age may occur between the building attachment 
and the tcrmmai. 

10-5, In general the terminals used with aerial 
cable instaliarions arc as shown in figures 102 
jiid :03. In figure 102 the terminal is shown 
mounted on the terminai pole, and in figure 103 
it is shown attached to the cabie. With either 
type of installation- cable pairs are brought mto 
the f^rminai unu and attached lo the back of :he 
terminals at the time of cabie installation. Thti, 
u! course, is done by cabie installation personnel 
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Figure 101, Nationwide loading zones. 



CLAMP 




TERMINAL 



Ftgtipe 102, Terminal zone on pofc. 



who arc responsible for tcrminatinc the cable. 
The installer-repairman is not normally con- 
cerned with the connection of cab!- pairs to the 
terminals, but he is concerned with the connec- 
tion of drop wire leads to the lerminals. 
matter of fact, he must connect the drop mrz 
leads to specific terminals as specified by the in- 
stallation work order. He must do this to con- 
nect the subset which he is installing to a cable 
pair which extends to available equipment at the 
central office. 

10-6. Some of the most recent outside plant 
cable installations include polyethylene sheatli 
and conductor insulation. The use of this mate- 
rial permits a new development in terminating 
wires through the use of a '"ready-access'' distri- 
bution icrminaL Some of the features that are a 
part of this terminal are given in the following 
paragff^h. > 

10-7. The ready-access cable terminal has 
three parts: a molded neoprene rubber cover 
which is weatherproof: a terminal base which 
consists of two metal strips with hungers which 
include Z4 numbered entry points^ and a termmal 
block which comes with attached cable that is to 
be connected by sieevmg to the incominir cable. 



^2 




The terminal block u$c$ a diffciTnt color code 
thoA that used oq the oider tenomais. The tip 
binding posts arc from left to right and bear the 
colon oran^ white« brown* vrhittt blue* and 
red The ring bimiisg pcHtts cam the coloni (tom 
left to right: while, biue, white, green, white, 
and $Iate« Each ready-access terxninai unit can 
suppon four of tljpse terminal blocks which can 
terminate 24 paits. 

11. T#rmii«ei WlHnfl 

ll-l. After the span run has been pulled up 
and sagged, the drop wire must be terminated at 
the terminal. This requires that intermediate at- 
tachments be placed on the pole between the 
drive hook and the terminal and diat the drop 
wire be |Mt>periy connected. To enable you to 
become thorou^y familiar with the work in this 
area* let us examine the terminal zones shown 
in figures 102 and 103. This area is very im- 
portant to the installer who is connecting the drop 
wire. A primary requirement for this zone is 
that new work be done properly and that any 
old plant installation in this area be inspected 
every time the installer is working at or near it. 



because the terminal zone is a {KJtential trouble 
area. ,As shown, the zone generally includes the 
terminal and about 4 feet of cable on either side 
of the pole. Within this area the cables, wire* 
temiinai-can. or any other part of the telephone 
plant are subject lo damage while the connec- 
tions are. being made for installation. For in- 
stance, the cable sheath may be punctured by 
climber gaffs, or the terminal tail is likely to 
develop trouble where it attache to the can or 
where it bends. Always check the underside of 
the sl^ve seal, which is a key place to look for 
holes or cracks in the wiped joinL 

ii-2. Teminal Zom Prec:iiiilioas. Trouble in 
a termimi^ zone can sometimes be spotted by mak- 
ing a visual inspection from the ground; therefore, 
make a practice of inspecting the terminal zone if 
you are walking past any terminal pole. Such in- 
spection may reveal m;iny poor installation prac- 
tices. You can observe drop wire clearance, pole 
attachments, broken or leaning poics, improperly 
supported lines, loose lines, missing cable rings, 
and interference from trees. If you sec a difficulty 
that you cannot correct at the time, you should re- 
port it to your supcr\'isor or the wire chief so that 
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Figuiv 104. Poie-iwuntrd tennio&L 



m i intgfl an ce cu be perfonned ai soos as ik»- 

11*3. The isfsiiltt or lioemiii who mteili- 
gently nukes laspmuy rtpiui wiOtia tbe tenni* 
{Ulam ii iii>Mkft»h^ A defect 

^iueii eia be cOind immedUiely, tm exampie, 
an opes circmt caused a loose coimectioa at 
the tenninal may nquire oniy a deanmg at the 
tennioai and a ti|i|it^iiim of the lugs with your 
fin^ or a pair of piien. When ecmipi^ repair 
is impossibly you may {mvem intemxption of 
conununicatioas by an improvised repair, such 
as wrapping the cable with tape, if you find tmmii 
teles in tte li^thing or scaL Your report to the 
wire chief will indicate what has been done and 
will allow him to schedule tii® pmianent repair 
procedures. 

11-4, The wmng ^ terminals at the pole end 
of ti» drop wire run requires effective connec- 
tio&s and a wat appeanoce. Figure 102 shows a 
complete terminal installation and figure 104 
$iu>ws a closer view of wirings including tiie run 
on the pole and the arrangement of the bridle 
rings. 

11-S. Terminating includes the completion of 
a [TOper drop wire run on the pole. Note that the 
|drop wire is brought to the designated terminal 
through the bridle rings. That i$, the wire runs 
first through the bridle rings highest on the pole 
aiKi then through the rings above the proper wir- 
ing c hann el. To determine which wiring channel 
you should use, note the locatioo of the lugs on 
which the wire will end. If you are facing the 
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RUN WIRES BEHIND L 
TERMiNAL AND 
THROUGH WIRING RINGS 



Figuxv IQ€, Wire runs so ihcAih^moniited temamtl at guard&nn pole. 



terminal and the binding posts for your drop are 
located near your left hand* bring the drop wire 
through the channel on your right In other 
wordi, bring the wite through the side opposite 
the binding post to which it will be connected. 
Then thread the wire through ail three of the 
bndie rings located below the terminal. By nm-^ 
nmg the drop wire through the opposite channel, 
you leave extra wire so that if the wire is changed 
m the future, the installer can reach any pair at 
terminal binding posts by removing the wire from 
the lower bridle ring. The reconnected wire wiU 
then run from the channei to the two bridle rings 
and up the other channel to the tOTninai binding 
posL 




neimcT 



Figure ' 107< Wine canii»rnr>n at >imiboCTOum£d 
terminmi. 



11*6, Wire Rpo. Remember that the wire run 
on the pole is made according to the requirements 
of good appearance and that each section of the 
wire run must be properly arranged. The bridle 




Figure 108? Wire tcrroin»tion at polc-mouutcd terminal, 

i 
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Figure 109. of bindinf pou rawiaion. 

ring locations are selected to insure sufficient wire 
clearance and neat vertical wire runs. In figure 104 
noce that the bridle ring spacing allows tootoi for 
the tenntnal^an cover to be removed Note also 
that die bridle rings are spaced according to the 
size of the terming! installed* because obviously 
more space is needed for large tersjinals than for 
small ones. 

n-7. Wiring nins for sheath-mounted tensi- 
nalsi are niade to gjve uniformly neat apj^arance 
by grouping each run in a drive ring. (Sec figs. 
103. 105. and 106.) This drive ring is so located 
that the wires running to the terminal wUl be in 
line with the terminal rings. 

iI-8. Terminating drop wiring on sheath- 
mounted terminals is a simple operation. First, 
obtain the proper length of wire and, second! 
puncture the grotnmet in the wire entrance hole 
immediatciy below the proper binding posts. Fiss- 
ure 107 shows the termination, including the 
Srommct. 

11-9 .Again, you must foiiow good electrical 
prcxredurcs for terminating. Skin and clean the 
ends of the conductor. Loosen the upper nut and 
washer of the tcrminai lug and terminate the 
tracer conductor rnng) on the right-hand bind^ 




Figure 1 10. Uic of cap binding post insulaton. 




Figure 111. Bridging- Jhrce vkirc$ at a polc-moumcd 
tcnniaaL 

ing post. Terminate the plain conductor (tip) on 
the left-hand post. This m;^intains the polarity 
of the system. The first conductor is usually 
placed under the lower washer and around the 
binding po%t in the direction in which the nut is 
tightened. Leave approximately a H-inch separa- 
tion between the insulation and washer (See fig. 
108,) Tighten the nuts to give a firm contact and 
to prevent the wire from accidentally contacting 
the adjacent binding posts, 

11-10. After you have terminated the wires in 
the terminal, install binding post insulators on 
lines of rclativeiy grca? importance to make sure 
that an accidental cross to another circuit is pre- 
vented. In commercial service th«ie lines are 
picmre transmission, teletypewriter, alarm, and 
remote control circuits. The insulators may be 
either the sleeve or the cap type. (See figs. 109 
and 110.) Binding post insulators are available 




Figure 1 i:. Use of I-X type bndpVig connector. 
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Fifun 113. Pftptmion of p*rai!el drop wire. 



in two sixes: No. 1 for H^inch nuts on the ordinary 
binding post and 7-T fuses, and. No. 2 for ^io* 
inch nuts or 7-A fu$es. Instailaiion is simply a 
miner of slipping the insulator over the terminal. 
If the iniulau^ does not St securely, pi^e a 
small piece of tape inside it. 

Where party lines ^ are involved or 
where several miephones ore coimected to the 
same cable pau*, you must frequently connect 
three wires together* This connection, called 
bndging« is always necessary when three drop 
wim must be connected to the same cable pair* 
A connection of more than two wires on any 
post within the terminal-can is not advisable; 
therefore, the best procedure is to connect the 
third pair of wires outside the terminal box on 
the applicabic drop wire. Figure III shows a 
partially completed bridge connection. Notice 
(hat the third drop wire is brought around the 
terminal box to the point of connection in the 
samt manner as the regular drop wire runs. 
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Ftriit 114. Bridging two wires at a iheath*mount«d 
tenninsl. 



U-11 Figure 112 shows the 1-A type bridg- 
ing connector you should use* and figure U3 
shows how the wire is prepared for the bridge* 
This detail is comparable to the work shown in 
figure in, RemembeTt bridging connections may 
be insuiated by wrapping them ^^ith rubber tape, 
over which you should place friction tape to give 
protection. The bridge location should not be 
within any bridle ring. 

11-13. Bridging is frequently necessary at 
sheath-mounted terminals and is accomplished 
in a manner similar to that performed for pole- 
mounted terminals. Figure 114 shows two wires 
bridged to one pair of binding posts. Note that 
the outer covering of the drop^wire extends at 
icast Vi inch inside the terminal. If three or four 
wires are to be bridged together, you must use a' 
wire terminal, as shown in figure 115. Here we 
sec the pair of bridle wir» from the sheath- 
mounted terminal entering through the rubber 
^ommet on the left and fastened to tne two bind- 
ing posts. Two parallel drop wires enter through 
the right grommct. One conductor from each 
pair is connected to the binding posts. The tight- 
fitting rubber grommets help protect the inside 
of the :cnninal from moisture, 



BINDING POSTS 



FACE PLATE 




MOUNTiNG PLATE 



RUBBER GROMMET 



57 



Figure 115. Tcnnination at a wire terminal. 
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5/8 IN DRIVE RING 



NOT MORE THAN 20 iN.APART » 



DROP WIRE CLAMP 



DRIVE RINGS 



DRIVE HOOK 



Figune 116. Drop wire tenniaaaon u open mrc pole wiih crossann. 



13. Opmn Wira Tvrminotioii 

12-1. Open wire is rarely, if ever, used for 
new mstailauom. However, so much of this type 
of wire 15 already in service that it ia a good hct 
ihat sooner or later you'U be called upon to termi- 
nate a drop or clear up a troufaie condition at an 
open line termination. For these reasons, it is 
accessary for you to understand the principles of 
open wire tcnnination. When tcnninations arc to 
be made to open wur lines, the drop wiits must 
be terminated at drop wire terminals. Bridle wire 
iS then used for the connection between the drop 
wire terminals and the open wires. 



12-2. Open Wire TerminaL The drop mn 
terminal (tig. 115) consists of a faceplate, mount- 
ing base, and cover which hinges on the mounting 
base. Mounted on the faceplate are two binding 
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FjgnrB 1 17. Drop wire tcnnmation at op«n wire poic 
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posts, each equipped with a pair of waihen and 
hexagonal nuts. The mounting base contains two 
mourning lusles and two wir^<ntrance Iboies. The 
wirenetiirance hoia are equipped with rsUsber 
grommets, as sho^ m £gure US. One wire- 
entrazu:e hole is used as the entrax^ for the drop 
wire, and the other as the entrance tor the bridle 
wire, A ^^^^^^^ of two drop wires and one 
brieve wire may be terminated on the binding 
posts of a drop wire terminal 

1 2-3. Drop wire tenninais should be located 
where they wtU be accessible^nd wiU not oi^truct 
climbing space, although specific locations will 
vary with conditions at each imtallation. When* 
ever practicable, observe the following general 
rules: 

( 1 ) On poles with standard csossarms, locate 
drop wire terminals on (he suie oi the crossarm^ 
with the lower edge of the terminal % inch above 
the bottom of the anossarm, as shown in figure 
116. Locate the first drop wire terminal bet^K^n 
the first and second wire from the pole. Addi-* 
tional terminals, whoa required^ should be spaced 
2V^ inches apart on dead-end crossarms and 
inches apart on other crossanns. 

(2) At deadend crossanns, locate drop wire 
terminals on the side of the crossarm away frsm 
the dead-end brackets. 

(3) On poles having pole brackets, locate the 
drop wire terminal between the pole brackets 
when the brackets are on opposite sides of the 
pole (fig. 117) and below the lower line wire 
when the brackets are on the same side of the 
pole (fig, IIS), 

12-4. Tennisai Installation. Install a drop wir 
tcrmmai with the binding posts pointing upwsird, 
as shown m figure 1 19, Attach the terminal to the 
crossarm or pole surface with two I -inch No. 14 
roundhead wood screws; then run the wiring as 
shoTi in figure 116. ; 
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Figurc 119. .Vfountmg of drop wtrt termmal. 
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Figure 120. Use of drop wire hook on crossann. 



12-5. The attachments and the drop and bridle / 
wiring are arranged as follows: 

( 1 ) When the drop wire is run to a drive hcx>k 
on the pole, install one H-inch drive ring close 
to the drive hook, and another ^-inch drive ring 
on the underside of the crossarm close to thi pole. 
Install additional intermediate drive rings as re- 
quired to limit the spacing between rings to ap- 
proximatfly 20 inches* 

(2) When the drop wire is run to a drop wirs 
hook on the crossarm, install the first ^-inch 
drive ring on* the underside of the crossarm below 
the drop wire hook. Note in figure 120 that the 
drive ring is not located immediately below the 
drop wire hoolc. but allows the drop wire to be 
run in a smooth curve from the hook. 

(3) Install a ^-inch drive ring on the under- ' 
side of the crossarm directly below the drop wire 
terminal. 

f4) Install another .H-inch drive ring on the 
underside of the crossarm midway between thr 
line wires on which the drop wire is to be termi- 
nated. 

(5) Instil additional intermediate drive rings 
on the underside of the crossarm as required to 
limit the spacing between rings to approximately 
20 inches. 

(6) Run the drop wire from the driv^ hook 
or drop wire hook through the drive rings to the 
drop wire terminal. 

{7) Strip a sufficient length cf neoprenc jacket 
and rubber insulation from the end of the drop 
wire .to permit terminating the conductors on th^ 
bmoing posts of the drop wire terminal. L«?a\c^ 
enough of the neoprene jacket on the drop wire 
so that the jacket extends inside the termmai to 




Figuxc 121. Wire conncciioo at drop wire tcnninaJ. 

a point where sunlight cannot reach the rubber 
insulation of the drop wire. Figure 121 illus- 
trates a completed, crossann-mountcd, drop wire 
termination. 

(8) Pass the drop wire through one of the 
wire-entnuicc holes in the drop wire terminal. 
Terminate the conductors of the drop wire under 
Lhe lower washers of each binding post. If the 
wirc-cnirance hole docs not have rubber grom- 
mcts and if replacement groimnets are not avail- 
able, wrap -nough ^4 -inch friction tape around 
the drop wire to seal the entrance hole* 

Note* ir a second drop wire is to be bridged 
to the same pair of line wires, run the second 
wire through the same entrance hole and termi- 
nate its conductors between the two lower wash- 
ers on each binding post. If three or four drop 
wires arc to be bridged to the same pair of line 
wires, install another terminal for the additional 
wires. 

(9) Select or cut a length of bridle wire long 
enough to run from the drop wire tcnnmal to 
the imc wires on which the termination is to be 
made. 

1 10) Str:p enough of the ncoprene jacket and 
rubber insulation from one end of the bridle wire 
to permit the conductors to be terminated on the 
binding posts at the drop wire termmai. Pass this 
end vi the bridle wire uhrougb the second wire- 
entrance hole m the drop terminal and terminate 
the conductors between the two upper washers 
on each binding post If necessary, seal the en- 
trance bole* as discussed in step 8, 

(II) Run the free end of the bridle wire 
through the drive rings to the line wires. 

ilZ) Strip enough of the ncoprene jacket and 
nibber insuiation from the end of the bridle wire 
so that you can install a bridging sleeve on each 
conductor. 

{^12) Take 1 Vts loose wraps of each conductor 
around the line wire to which it will be termi- 
nated. 



(14) Irntail each bridging sleeve on its corre- 
sponding line wirc^ a* shown in figure 116. A 
bridgusg connector limikr-to the one shown in 
figure 122 may be used in place of a sleeve. A 
loop is formed from the stripped end of the bridle 
wire which is slip{»i around the bolt between 
the two flat washers. The bolt is then positioned 
over the line wire, as illustrated, before tightening 
the nut to make a secure connection. 

12- 6. As indicated at the begmning of this 
chapter, when all terminations have been com- 
pleted, the installs checks his installation to in- 
sure that the instaUation and the line to which it 
is connected are free from defects. 

13. OfMrotiMidl TMting 

13*1. To insure that the subset installation will 
function property, the installer-repairman must 
complete numerous tests at the time of instaUa- 
tion. Even though central office persotlnel nor- 
mally run a test on the assigned pair, the in- 
staller-repairman is often required to test the 
same pair from the icnninal end before he com- 
pletes termination. Also, after he completes ter- 
mination, he must conauct a series of tests with 
the central office to find out if the newly com- 
pleted installation is working properly. In case 
the equipment is not functioning properly, the 
installer-repairman should make the necessary 
adjustments or replacements to make certain that 
the new installation will give satisfactory service. 

13- 2. Testing Before TermiAatioa, Before the 
drop wire is terminated at the pole end, it is 
sometimes necessary to run a test of the assigned 
pair. This type of test is normally performed by 
connecting a telephone test set directly to the 
terminals of the assigned pair. If you can contact 
the central office in this manner and cany^ on a 
normal conversation, you can assume that you 
have good continuity between the terminals and 
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Figure 122. Bridging connector. 
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ihc ccnuoi office. If you cannot contact the cen- 
tral office over the assigned pair, call in over a 
spare pair (if avaiiabic) to advise the wire chief 
o£ the situalion. 

13-3- Another test which is ^mcamcs per- 
formed, especially with open wire lines, is one 
used to identify the conductors. As you know, 
the. nng conductor is the battcr>' side of the line 
and supplies the electrical energy for the talking 
circuit. The tip coniJ^ictor provides the return 
path for the current to the central office ground, 
thus completing the talkmg circuit. Also, the ring 
conductor is of negative polarity with respect to 
either the tip conductor or to ground. The test 
for identifymg the conductors is made by con- 
necting one lead of the test telephone to ground 
and the other test lead to first one conductor 
tcrramal and then the other* When the ring 
termmai is touched with the test lead, a loud 
click should be heard in the receiver of the test 
set, WTicn the tip terminal is touched with the 
test lead, there should be cither no click at all or 
a very slight click, depending on the difference in 
potential between the central office ground and 
the groimd at the test location, 

13-4. An additional check to verify that you 
have made proper identification of the ring con- 
ductor is to switch the test set to the talk position 
and blow or whistle into the transmitter of the 
test set while it is connected between ground and 
the icrminai which you have identified as ring. 
If you have properly identified the ring conduc- 
tor, sidctonc will be heard in the receiver of the 
test set. providing that you arc receiving cicctncai 
energy* for the talk circuit via the ring conductor. 
The absence of a loud click or sidctonc on either 
side of the line indicates that a fault exists be- 
tween the test point and the central office. 

13-5 Testifif; .\fter Termination- .After the 
subset has been installed and ail terminations 
have been completed, the newly installed station 
must be tested for proper operation. Normally, 
the mstailaton is checked by the performance of 
nnemg. transmission, reception, and noise test$« 
Also, with a dial telephone a check is made of the 
Jjai speed. 

13-0. These operational tests jrc made by call- 
ing the installation wtre chief or, in large installa- 
tions, the test desk operator. In either case, a 
standard testing operation is completed after you 
have made an upcratiotiai or preiimmary check 
to the switchboard. The preliminary check not 
only proves that continuity has been established 
and that the telephone wiH operate but also gives 
you an opportunity to improve connections. Then 
Lhe completion of the ringing, transmission, re- 



ception, and noise test with the wire chief will 
show detailed defects. Remember that a routine 
call will not accomplish this purpose. In addition 
10 Idling both sides of the line for grounds md 
for foreign voltage, the instnmicnts will indicate 
whether or not the condenser in the ringing cir- 
cuit of the teie|Aone subset is properiy connected 
and whether the subset dial is adjusted for the 
proper speed. ^ 

13-7. The tests performed with the wire chief 
are usually started by the installer calling in and 
reporting that he is ready for a test The wire 
chief or the test desk operator then prepares for 
the test and calls the installer back- The ringing 
test is completed automatically when the wire 
cnief calls back. The transmission test is com- 
pleted by holding the handset in a normal man* 
ncr and talking in a normal, conversational tone. 
For this purpose, hold the transmitter directly in 
front of your mouth so that your lips almost 
touch the mouthpiece. The reception test is com- 
pleted when the words received are distinct and 
understandable. A satisfactory noise test is tniiy 
the absence of noise, because a scraping noise 
indicates that some ponion of the installation is 
wrong. If you hear the scraping noise when no 
part of the telephone is being moved or when 
the transmitter is being blown into, the transmit- 
ter should be repiaccd. A scraping noise which 
changes in volume when the cords arc shaken 
indicates that the cord should be tightened. 

Remember that any trouble noticed at 
the time the test is completed should be found 
and corrected. Only minor troubles will probably 
be found at this time, because most installers can 
be expected to do workmanlike jobs on the in- 
stallation. But after these are corrected, future 
troubles are entered foc permanent information 
on the line record. 

i 3-9. If your tests show the line and installation 
to be satisfactory, then you must complete the 
local Communications Service Order. You arc 
required to confirm the cable pair and tcrmmals 
used m terminating the station. You must list 
the apparatus used on tiie back ot the installation 
work copy. This listing should show what mate- 
rial you installed that ^^as new or used, what you 
did with it. and what was connected or changed. 
.Any supplementary equipment installed should 
also be listed. After this has been done, ihe serv'-^ 
ice order must be signed and turned in through 
the service foreman to the central office. 

13-10. You should complete the chapter re- 
view exercises m the workbook before you pro- 
ceed to Chapter 4. which covers selective ringing 
and e.\tensions. 
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/CONFIDENTIAL convemUon was practi- 
caily an imposwbUity with the old-time rural 
party Une. To obtain the line for an emergency 
call, s person often had to break into the cJq- 
veraations of others. With aU of its disadvantages, 
however, the party line served better than any 
{xint-d publication for the distribution of local 
news and advertisements, and it is a time-honored 
means of providing a maximum of communica- 
tion with % minimum of equipment. The princi- 
ple is stiU good, even though the system and 
equipment have been modified for modem, use. 

2. With modem party lines, selective ringing 
systems are used which ring only the bell of the 
telephone for the party being called Thus, the 
telephone of any one party on the line rings 
only when that particular party is P»iled. 

3. As an installer-repairman, you must have a 
knowledge of selective ringing systems to prop- 
erly connect telephone subsets to a party line. 
Furthermore, to become proficient in the installa- 
tion of telephone equipment, you must have a 
knowledge of extension rmgers and telephones. 

4. It is the purpose of this chapter to briefly 
discuss the connection of extension ringei^ and 
telephones, review telephone ringer operation. . 
and explain some of the methods used in se- 
lective ringing. 

T4. IxtMisjoti RIngsrs and T«{«phen«< 

14-1. Greater benefits may be derived from 
^ a single incoming line by using an extension. 
This may be an extension of only the ringer 
portion of Oie telephone or of the entire telephone. 

14-2. Extcssioa Ringers. Extension ringers in- 
crease the utility of the telephone by increasing 
the area over which a telephone caU can be 
announced. In a shop area a loud ringmg bcil 
is s^ncraily used for the extension ringer. (See 
fig. 123.) Various types of these bells are 
wd — ^ome opcratmg on normal rin^ng current 
and others through a system of relays on alternat- 
ing current at 110 volts. The bell selected for 
any particuiar installation is determined by the 
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condition/ of the area. Proper location of the 
bell, however, wilt insiire maximum efficiency. 

14-3. Connection, in most rases, is a matter 
of bridging the bell across the ringer of a subset 
or. if the bell is equipped with an internal con- 
denser, of connecting the beU directly across the 
line; Remember when connecting extension 
ringers that a condenser must be included in the 
circuit by one of the two means mentioned. In 
any case, the extension ringer or bell must be 
connected in accordance with the instructions 
furnished with the unit. 

14-4. As an installer, you must be familiar 
with the way ringer bells operate so that you can 
make any necessary adjustments. To better ac- 
quaint you with ringer bells and ringer systems, 
let us briefly review ringer operation. Having 
completed Chapter 5 in Volume 1 of this course, 
you know the operating principles and can rec- 
ognize many of the beii features shown in figure 
124. The ringer has two coils of wire, each 
wound on an iron core with an armature pivoted 
above one end of a pcrmanem magnet. The cre- 
ation of a magnetic field, which-xauses the arma- 
ture to move from one pole to the other, oper- 
ates the ringer. When an electric current is 
passed through the ringer windings, one end of 
the armature is pulled by the current (if the 
polarity is right) in the same direction as by the 
permanent magnet. Since unlike poles attract 
and like poles repel, the left end of the armature 
m figure 124 is attracted to coil Cl while the 
other end of the armature is repelled by C2. 
.As a result, the clapper strikes G2. On the 
other half of the ac cycle, when the current 
through the coils is reversed, the polarit>' of the 
electromagnet is reversed and the armamrc \s 
attracted in the opposite direction. This causes 
the clapper to strike Gl. as shown in the illustra- 
tion. Obviously, alternating current passing 
through the ringer windings caus« the armature 
to vibrate with the current aJtcmations. In ac- 
tual practice, the current used with ordinary 
ringers has a frquency of 20 cycles per second. 
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Fifasv 123. Loud hagiDf belL 

14-5. Note in figure 124 that the ringer has 
a biaiing spring to regulate the movement of ihp' 
anniture. Although all biasing springs are no: 
mounted in identical positions, they have the , 
same purpo$e. When ac ringing current is used, 
the biasing spring prevents tapping of the bell 
when zny current except ringing current Sows 
through the sec By adjusting the tension of .the 
biasing spring, you can stop such tapping and 
also slightly change the sound of the bell. 
To repeat the primary purpose of the biasing 
spring is to j»«vent bell tapping. While we are 
stUl thinking of ringers, it should be noted that 
some modern ringers use only one coil with two 
windings. The operating principles, however, are 
basicaily the same as those descnbcd in Volume 
1 of this raurse, 

14-^. If several people frequently use a sub- 
set, the addition of an extension subset may speed 
office or shop operation and increase the ef- 
ficiency of the telephone, A typical installation 
might have two office telephones, one in an 
outer office and the other in an inner office. 

14-7. FiTtrf^* Telephoacs* Extension tele- 
phone installations are simple arrangements. 
Basically, we have two telef^ones connected in 
paraiiei so that they can oper^ from a single 
line. The two are joined to the line at the 
protector or through the use of a connection 
block. Si docusied in Chapter 2. 

14-^. Juit as individual subset may be in- 
stalled with wiring through duct systems, so can 
a flexible anran^mcnt be' made for extensioti 
telephones; however, this arrangement is practical 
only for permanent wiring. The flexibility is 



attained by providing telephone outlets at selected 
locations; thus, you can attach the subKt to any 
omlet. Frequently,^ a stmdud three-prpog piug 
which Insults corrcNist polanry^ is us4Ki £or stsch 
attachmem; at othCT tiii^ies, a permanent con* 
nection is made at an established outlet 

14*9. The various duet « systems and conduit 
arrangements were also discussed in Chaptor 2. 
Rememtm? In general, tlu: system consists of a 
gridvrork of ducts ctmnected tb distributing ter- 
minal cabinets, where the ducts are laid in parallel 
branches wifih junction boxes at the intersection 
of crew ducts, Siiice floor outiea generally oc- 
cur ev^ 24 inches along each branch, a vmstf 
of telephone arraniements can be selfi^ed By 
comparison, a coaduit system consi^ of a net- 
work of iron conduits extending from^th^ terminal 
distribution cabinet or from a supply closet 
These conduit mns may end at walls or ^lunmis 
is* the building. Outlets in the floor can also be 
used« but the condiiit arrangement is better suited 
for wall outlets than the floor outieu. 
^ 14-10. Sonietimra a telephone line am be ar- 
ranged for the use of several parties. Then the 
term "selective ringing*' is used to indiciate any 
one of several, methods by which an individual 
nnger is operated without disturbing tt^e other 
parties, 

15« S#l#€t{v« Ringing Methods 

The use of the multiple service line is indicated 
by the necessity for saving materials and for 
offering 3 maximum amount of service at a mini- 
mum cost. By installing several telephones on 
the same line, additional service *may be given 
without expanding the existing facilities. The 
telephone in this system, however, are not ex- 
tensions; they are distinguished from extension 
telephones by the fact tfaj^t each is located to 
serve a scpai^te party rather than to give ad- 
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Figure 125 Ringm$?-co-around cjrcujL 

ditional facilities to the same party and that each 
IS gjven a separate iisiing in the directo^^^ 

15-2, A multiple service line is called a multi- 
party line — m common usage, a party line. As 
pre«ioiisiy stated, partv lines may St used m 
areas where the number of teiepiione subscribers 

mcTcased bevond the" switchboard capacity. 
In the Ajr Force or other service mstailations. a 
major saving m matcnai -may result from the 
use of party lines. 

15-3 A party line, however, has disadvan- 
tai^cs for she teiephone user. The teiephone is 
less av able, because he mav have ro wait until 
another pam^ has finished i call. Also the tele- 
phone user may be disturbed by contmuai ring- 
ing if code ringing fa distinctive series of rings 
for each telephone) is used to signal each party'. 
Or the user may pick up the receiver and listen 
to another person's call., 

15-4. Party lines have improved as a result 
of contmued efforts toward reduemg or eiimmat^ 
mg their disadvantages,- Some of these efforts, 
such as the lockout system used bv some com- 
menriaJ companies, are very eiabomte and are 
not necessarily important to the Air Force in- 
staller. The easiest way of improving pany line 
$crvtce IS to limit the number of teiephone users 
on the line. In ruraj systems, as many as ten 
sisers may be found on a party line, whereas 
c:ty party lines seidora have more than four 
usen. Although two-part^ and four-partv lines 
are used extensivsiy. two-pany lines are more 
common m the .Armed Forces. 

15-5. Greater privacy can be attamed by using 
nngmg methods, known as selective ringmi!. 
f'hich signal only the party bemg called, ^Re- 
member, however, that selective ringing differs 
from code nnging, which is heard by ail parties 
on the line. With selective nnging the telephone 
user hears one nog only — his own, The selective 
rixjging signal sounds like the one on a single- 
party telephone line, but the ringing circuit or 
the nngjng signal is different for each party. 
The substation connections made by the mstaiJer 
determine the subset ringing .arrangement. 
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1 5-6. The methods by which selective ringing 
is brought about are: ringing to ground puisatmg 
ringing, and frequency ringing. Of these, the one 
that do« not «tquirc additional equipment and 
that i^uscd by the Air Force is ringing to ground. 

15-7. Ringiiig to Ground. Basicallv. the ring- 
ing-co'ground system consist of a few simple 
connections, which set up j separate ringing cir- 
cuit for each of the parties involved. Further- 
more, this principle applies on two-party lines or. 
with additional equipment on fotir-part>^ lines, 
•When the connection is completed, the ground is 
used as a common conductor for the ringers. It 
forms a third conductor for the telephone line, 
but ft is in use only while the party is being 
signalled.' 

15-S, Figure 125 shows a schematic diagram 
m which each party ringer is connected to only 
one Side of the line; ringing power is connected 
to one side of the hne at a time. It shows that 
2U-cycle ringing power at the switchboard is con- 
nected between ground and two ringing keys. 
When the plug is inserted in the jack (shown at 
the center of the illustration)/ operation of either 
the A or B part of the key will compiete the 
rmging circuit desired: that is, one set of con- 
tacts (A) connects the tip (T) conductor nni>in4^ 
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Circuit and the other set (B) the ring (R) con- 
ductor nnging circuit- Since both ends of the 
circuit thus established are firmly grounded, nng- 
mg power wUi operate the nnger [KC\ or RG2) 
to signal the desired party. 

15-9. On switchboards used by the Air Force 
no new connections are necessary for grounded 
nnging circuits. The switchboard is nortnally 
grounded upon installation, and the larger switch- 
boards are each equipped with a master nng 
{ MR ) key by which the ringing current is placed 
on the tip-tCHground or ringing-to-ground circuit. 
By referring to figxire 126. you can sec that the 
ncging current travels from the ring side of the 
line to the ground through that ringer which is 
connected by the B portion of the MR key. 
,\nd so the ringer, which is connected to the tip 
side oi the line, will not rmg because both sides 
of thai circuit will be at ground potential. This 
nngcr can then function when the mr key is op- 
erated to place the ring side of the line at 
ground potential. On the same system a tele- 
phone which has its ringer connected in the nor- 
mal i^anncr (across tip and ring) will ring when 
the master nng key is in either position. Li 
and L: represent the calling party line. 

15-10. In order to meet the requirements for 
two-party selective ringing, a three-conductor in- 



side wire IS run from the protector to the con- 
necting block, where a three-conductor cord is 
then used for the tciephonc connection. The 
third conductor in each case forms pan of the 
continuous ground wire from the protector gXound 
to the tciephonc ground termHiai. This ground can 
then be completed by a slight change in the in- 
ternal connection of the subset. Figure 126. a 
simplified diagram for the WECO 302 subset, 
shows the arrangement of wiring and connections. 
As you will recall, this is a common batten' TP-6. 

15-U. In the telephone circuit diagram, you 
see that the ringer is connected in scries with a 
condenser and both the ringer and condenser arc 
located between the Li and terminals of the 
subset. This condenser, which blocks battery 
current from the ringer, is necessary for the op- 
eratjon of the system. When connections arc 
made for selective rmging, the condenser must 
be kept in the ringer circuit The installer must 
remember that various telephone manufacturers 
have distmci differences in their telephone in- 
strument circuits and that although the principles 
given here apply to them ail. the specific wires 
or tcnmnais moved must be ctetermioed from 
the wiring diagram for the particular subset. 

15-12. In figure 126 note that a wire is con- 
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Figure i2S. Ringmg circuit for two-party ringing to 
^und 

nccted from the riagcr to the Li terminai. To 
connect the telephone ringer to ground, you have 
onjy to disconnect the ringer wire from the Li 
tcrminai and reconnect it to the telephone ground 
terminal. The circuit, after reconnection, ii» 
shown by figure 127. Most telephones now in 
service are already wired this way when they are 
shipped from the factory. Ail wiring changes 
required tor a particular ringing arrangement are 
made at the connecting block, 

15-13. Figure 127 also gives additional infor- 
mation on the selective linging-to-ground system. 
For example, there arc two parties — J and W. 
As illustrated by the diagram, the J-party rings 
rrora the Up side of the line and the W-party 
from the ring side. 

15-14. When making the connections for se- 
lective ringing; you should remember that identi- 
cal procedures are used for both sides of the 



lines except for an additioaai step for the W- 
party. To conn«t W-pirty, first complete the 
g^ttiul CQimKtioii, if »quif«4 tlJtt rey«m the 
Lt and wires at the connectixig blo^ 

15*1S. Pnisatiai Riiq^i^ To ring more parties 
with the rifiging*^ground methods amunerdti 
telephone systems sometimes use pulsating ring- 
ing equipment This type of ringixig is feasible 
with two-, three-, or four-party lines; however, 
it requires the use of additional equipment in 
both the subset and the central office. At the 
central office, dc generators are used to gccttraic 
pulsating ringing current These genenton are 
connected so that either positive or negative 
pulses can be applied to Uie lines for ringing 
purpose. At the subset insoUation, each tele** 
phone is equipped with a biased ringer and« in 
the case of a three- or four-party line, a relay 
or a cold<athode, gas-filled tube. When positive 
pulses are applied to one line, only one of the 
two ringera operate. Reversing the pulses causes 
the second ringer to respond- The same is true 
for the other side of the line. Thus, four ringers 
can be selectively operated. 

15-16. Biased ringer. Figure 124 can also rep* 
resent a biased ringer used with a pulsating dc 
generator. When current is applied as shown, 
the bottom end of coU CI becomes inagnctized 
to attract the armature, while at the same time, 
coil C2 repels the armatutr. At the peak of the 
pulse, the combined action is strong enough to 
overcome the effect of the sprmg, and the clapper 
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Figure 129. Four-party r«i|iag mini ac rtiays. 
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strikes G2. At the cad of the pulse, the spring 
puils the annatiire back to the positiois showQ, 
and the clapper strikes GL This actioQ is re- 
peated for each puise otic. 

1547T!f pulsating current is pmtd through 
the coils of ^e ringer in the opposite direction, 
the iron cpm of CI and C2 are magnetized 
with polarities opposite to thc^ shown in figure 
124, C2 now attracts the annature. However, 
because of the action of the biasing spring, the 
armature is already positioned to C2 and no 
movement of the annature is possible. At the 
end of the pulse, the armature is still held mo- 
tionless by the action of the spring* and the ringer 
does not ring. If two telephones are each 
equipped with a ringer which is biased in oppo- 
site directions, a pulsating current in one direc- 
tion will operate one ringer, and a pulsating cur- 
rent in the opposite direction will operate the 
other. Therefore, if some means for changing the 
direction of the ringing current is provided* the 
rmgcrs w^i operate independently of each other, 
providing a means of two-party selective ringing. 

15-18. Two-party ringing. Figure 128 illus- 
trates 4\ tv o-party ringing system using pulsating 
dc. When switch A is operated, the calling line 
IS disconnected and generator Gl applies nega- 
tive pulses to the tip of the called line. The pulses 
pass through nngers RGl and RG2 and back to 
Gl through ground. However, only one ringer 
responds^ as the other one is reverse biased and 
cannot ring. To signal the other subscriber, the 



B switch is used. This connects generator 02 
to the dfcuit, and pmitive pulses are now ap* 
plied to the calling line- With the polarity of the 
rin^fig ctttrent reverscdt the ringer tt ^ second 
telephone responds while the fust oue remains 
silent 7 

15-19. Four^party ringing. Four*ptrty ringing 
is possible through the use of some additional 
components. Each sui^tation requires an ac relay 
in addition to the biased ringer, as shown in 
figure 129. As you can see, the central equip- 
ment includes an ac generator as well as the two 
dc pulsating generators. 

15-20 When switch S is held in the operated 
position, the 20-cyde ac gennator is applied 
across tip and ring to operate the ac relays at 
the four subsutions, cl<»ing the ringer drcusts 
to ground. With switch S held operated, let us 
also operate switch W. With Gl connected to 
the circuit, negative pulses^ on the tip lead cause 
RG4 to operate. In a like manner, do^g switch 
J applies the positive pulses from 02 to the ring 
lead of the circuit, causing RGl to ring. Operat- 
ing switch M or R has a similar effect on RG2 
or RG3. 

I5-2L Figure 130 illustrates another method 
of providing four-party selective ringing. This 
system is similar to the one shown in figure 129. 
However, if you cha:k figure 130, you will sec 
that we have einninatcd the 20H:yclc ac genera- 
tor at the central office and the ac relays at the 
substations by using cold-cathode, gas-filled 
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mbcs. Tlic airangcmcn! of the master switch, 
the four ^ration switches, and the two pulsating 
dc current generators is idcnticaJ in both ilius- 
t rations. 

\5-12. Before discussing the operation of the 
system shown in figure 130, we must first under- 
stand the operation of the cold-<athode tube. 
The tube contams three elements and is filled 
with an tm-rt gas such as neon or argon. The 
three elements arc called the cathode, the cort- 
txol anode, and the anode, as shown in figure 
130. When the proper voitage is applied between 
the cathode and the control anode with the cath- 
ode negative, the gas in the tube is ionized* 
and this causes electron flow between cathode 
and anode as long as the anode is positive in 
respect to the cathode. 

15-23. With this brief explanation in mind, 
let's turn to figure 130 and sce^how this sunpie 
sv-stem works. Operating swttbh S and switch 
W applies the negative from G I to the tip !iad 
ot the party line. Only station W responds, as 
the polarity is reversed at station R. Current 
across the tube operates RG t and rettims through 
ground to Gl. When switch S and switch R are 
operated, pcsrtive battery from G2 Is applied to 
the tip of the line and now RG3 nags, Swuch 
M and switch^ J have similar effects on RG2 
and RG4 through the ring lead of the party line. 

15-24. Freqwocy Ringiiig* A third method of 



providing four-party selective ringing is called 
harmonic, or frequency, ringmg. This system 
requires ringers and generators of a' different 
design from those previously discussed. The 
armature<lappcr of ihe relay i? a spring reed 
made to vibrate only when cuncnt of a specific 
frequency is applied to the coils. The frequency 
is set at the factory by the positioning of a weight 
on the reed, This is different for each of the 
four stations on the part\' line. At the central 
office, frequency generators of a design similar 
to that shown in figure 131 may be used. Each 
frequency requires an individual generator. The 
amount of weight attached to the armature con- 
trols the frequency of the vibratiag reed. Move- 
ment of the armature to the motor coils opens 
the motor contacts, deenergiiang the 'coils. This, 
then, allows the armafure to swing bacJc to close 
the contacts again. At the same tyne, the two 
sets of transformer contacts are alternately 
closing and opening, applying reversing cunent 
in the primarv winding of the generator transfor*" 
mer. Through the i^oodary winding an ac 
ringing current of a specific frequency is applied 
to the line, 

15-25. In this system, ail four ringers arc con- 
nected directly across the Ime. between ap and 
i-mg. As a rcstilt each time ringing current is 
applied, reprdless of the frequency used* ail of 
the nngers receive ringing current. However, 



only that ringer which is designed to respond to 
the particular frequency wiU ring each lime; 
the othcn remain siiem, ' The selection of the 
particttkr &tquen<^^ mi its application to the 
line is controiied by the same switches as pre- 
viously dcMrribed. • 

15-26. The most commonly used frequencies 
are 162/3. 351/3. 50, and 662/3 in one type of 
generator, or in another type, 30, 42, 54, and 
66 cycles. As there are numerous systems in 
use, d you should become involved in the instal- 



lation of a selective ringing system, follow the 
instructions furnished for the system concerned- 
15-27, While our discussion of telephone ex- 
tensions and ringer systems has been brief, it is 
of sufficient depth to give you an Insight into 
methods used by both Air Forcc^ and commercial 
installations. Complete th^ review exercises m 
the workbook before you turn to the final chap- 
ter of the volume, where we shaii discuss trou- 
bleshooting procedures used by the telephone 
installer. 
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Station Trouble Isolation 



rr VOLUME 2 of this couiw, we dicaised the 
maintenance, troobiesbooting. tod lefMir of 
tdeiAonc suhseti. The tdeptKn^ subset, how- 
ever, is not the only {slice in the system whese 
trouble miy develop. For example if t teiephooe 
subset is In perfect ope^ting orckr bat fails to 
operate in the systenx then the trouble is some^ 
where in the station wiring the tdei^ne c^le 
or Une« or in the centra off^. As an umall^- 
repairman, you axe responsibie for the location 
of such trotibies in the subset area. Also, you must 
cooperate with other tclciAone personnel to lo- 
cate trouble^ in the liMS, cables, or central of- 
fice* The principles and procedures which the 
repairman follows in isolating these troubles are 
similar to thobe explained in Volume 2, Also* the 
test sets used 1 for locating troubles in station and 
drop wiring aie the same as those used in testing 
subsets. Although new details of finding trouble 
arc included ih this chapter, generally the meth- 
ods of trouble location in the subset and trouble 
Illation in the station wiring are similar. It is 
the purpose of this chapter to discuss trouble iso- 
lation from the central office, trouble location 'ji 
the subset area, and the ciimiriatioo of such 
troubles. 

16, Irovhtm isoicrtfoit from fhm 
CflisfTsJ Office 

16-1. When trouble develops in telephone cir- 
cuits, the central office is immediately affected. 
And so the problem is the tespomibility of the 
wire chief, who must determine if the troiibie is in 
the central office or in the circuit to the substation 
and must assign a rq^airman to corrKt the 
trouble wherever it may be. 
^ 16-2. LootioB. Is general, tl^ three possible 
trouble locations are, as shown by figure 132| in 
the central office, on the Iine« in the sufastat^. 
Although trembles at the various points are not 
identical* they are mostly cosmKm etectrioU 
faults such as opem^ crosseu shorts, and grounds. 
The proper methods of isolsition are determined 



after the faults have been traced to their prx^fale 
looitions. 

16-3. The wire chief, who operata test sets 
from tte central office, selects the sets to uat and 
considers the basic troubleshooting facton: ( 1) 
the type of service, wl^tto* dial or manual; (2) 
the type of apparatus, according to the line and 
substation characteristics; 13} the weather con- 
ditions at the time the trouble was reported; and 
(4) the history of the equipment, which may 
provide a clue to the present trouble- 

16-4. The wire chief not only must have the 
basic know-how but also must complete various 
tests from the central office. One of these, a 
telephoEK transmission test tests the condition of 
the substation transmitter and receiver, provided 
the substation is not asmpieteiy out of order. 

16-5. Tests. Once the wire chief has de- 
termined that the trouble is not within the sub- 
station or the central office, he may choose any 
of several instruments for testing the substation 
line, his choice depending upon the equipment 
and size of the central office. In a large central 
office^ a test desk may be available. (See fig. 
133.) This single-position test cabinet is 
equipped to test dial or manual telephone station 
lines (both inside atul outside the central office), 
outside plant wiring, and dial telephone substa- 
tion equipmenL The desk contains a volt-ofam- 
milliammeter, a dial speed indicator^ a Wheat- 
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FiguTB 133. Tyi>« No. I itu desk. 
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sioac bridge, dry-cell test batteries, and various 
test tximk circuit apparatus and controls. 

16-6. The test desk is operatbd by two rows 
of lever switches on the switch shelf and five push 
switches, which are associated with the out<ail 
wires and are located at the left of the lever 
switches. Remcmb«, Of^rating a test desk is 
complicated and requires an exp»ienc^ man; 



Table 2 
Posshlh TtsTs PmoM Test DtsK 



I'oit Ohffi .\tilliammeter 
] Lo^>D arcuis icat. trannniuiori te«. and in»uU' 

lion breakdown trw. 
2. Ground on ring ^ — ) «dc o{ the line, 
? C.round an tip iidc of [he Ime. 

') Insuiauon leakaj^. 

^. Ncifaavc poJiftinai on the rinf ) «de of the 
Unc. 

:. Positive poccncui an the hng side of the 

Une. 

s \ej^4tive potetMiai ^ ^he tip {^"^ wde of the 
line. 

0 To^iuve pt>tcnuii on the tip «dc of the 

!{nc 

10 Chctkmf the %oUagc of the icu batteries- 

! I Transmwuii trtc. 

12, Line equipment bndfe tm, 

\^ Capacitance M nation rinfjet capacitors, 

1 Rini|inf on hndijcd sin^ie-p^rtv hne. 

J. Loop rc3t«anc< (esii and fault locating mefluum- 
ment*. ' 

AuxUiary Trtt Cord Circuit Tats 
I Ringing tjv^r individual or two panv iine«. 



2. Dial speed and puiic ratio fpcrccni wake) i€m 

on dial uation lines. 
S. Sounder and tone te»t$ on lines to idenijfy cable 

pairs. 

4. To connea the howler to sution lines. 

Sounds Card Circuit TisU 
! Idencihing pairs or condtictors in the cable bt 

short drcuitin^ or yrcundtflf the conductors. 
2. Idtntihinf p*in or conductpn ia » cabk by 

connecting a receiver acrosa the conductor. 
1 Ideinhtng pairs or conductors iV^a cabJe by 

opening the circtuti or mnoving gnjund, , 

WhtaUtani" Sridgt Ttsts , 

1, Loop rewuance icU. 

2. Measuring the di*aw« lo a ground on a ^loe 
by the re|istiace n«?thod. 

5. Measuring Oie distaaoH to a fault on a line bir 
the ;wo<wirt Vari^ loop nxethod. 

4/ Measuring the' diiuoce to i fault on i line by 

the MumY loop method. 
. ^ I^jcating a fault *<m a Unt bv the thret-Varley 

method, using thw wires. 
6 Ant other ^csir«i Wheatstone btidigt tou re- 

qutnof or three wix«s. 



Table i 
Common Cai^ses of Wiee Thouilss 



J : ^Vifinif broken <:\w4:!iNisc benUini: or i^^i^ung 
; s^h«n :hc wtrc in placed/ 

Bullets ptcrcing a ^\re 

\ ^ Kifiks^nd ntcks in the wire, vMu5in$ '^c ^;onduw- 

-i poor *piivc% puihnii oitt under tenvjun. 
^ ^ Inside Airtnc naiU driven too tur into The 
Nuijuon, breukmc the vondiuiorv 

j ^ I oo%€ ur Uirfv jonncctt^s and Usq> 

j " Blown, broken sor badlv warp<d fuvc^ 

\ 8 DciectN m the nianufJv'tvire o^- the v^jrc 

I £\,.«;svi>w ^srjin on the v*ir< ^lit rhc ;crmmuN, 

I Causing wondUi:tor> bcwomc loo>e. 

I Si'iufp Of ncjvv ot?iei;ts ^frikini: u v<»ffc. ^aLi^mi: .i 

j ^N^' -V drop N*irc ^v^mging a^a^^^f an oCfeL-i. v^e;snfiv; 
j off :he m^iiijtjcn. 4nd wau^in;: rhw i*vo ^onu;j^- 

I tors to make jonuct. \ Thi^ \> ..jilcd a ^wmcini; 

! 



therefore, tht^ wire chief of7<cst deskman may be 
the only person who handles this job. Table Z 
^ummanzcf^ the tests *vhich can be made from 
•v,hc test desk. The Varicy and aM array loop meth- 
od:* arc s'-Tiilaf to the bridge test methods dis- 
cussed m V'oiuinc 2 of this course. 

lf?-7 When trouble is reported, the wire chief 
or rest desk operator wiil normaily pcrt'orrn a 
^cnes ci tests, such as those Ir.tcd m table Z, 
f-rom the results ot these tests, tnc test desk op- 
cratorvan usually determine the approximate lo- 
cation ot" the trouble. If it appears that the trou- 
ble :s in the subset area, the instaiier-rcpairman 
" 'ts despatched to the scene. If it appears that the 
trouble. IS m a line or cable, the line and cable 
personnel get into the action. In some cases when 
the iroubie iS in a iine or cabie pair, the mstailcr 



! A brgak in the insulation of j drop vwirc the 
droo wijmp. wiih rhc clamp ?rcrvtng as the con- 
nector between the two conductors 

V Water scitiing on an old dctenorated drop wire 
jnd acting a conductor. (TTtis is called a wet 
^Ho^t,) 

4 Dtrtv face plaice on terminal cans >ervm5 as ,i 
conductor N:twecn the two jugi assigned lo j 

pair. 

5. Wiring at any point of termifjation ^xtendmg 
too far and contacting another Uis:, 

6. Inside winng nails driven through the insula- 
tjon so that the metal nailhcad cau>ci contact 
to he made between the two conductors, 

CA4!rws of CrtKuuis 
\ Bare conductors oi a worn drop wire making 

contact with any grounded metuUjc obfcci. 
Z. Wet or worn inside winnc f'tuking contact with 

grounded metallic object. 
" A broken bridge at the terminal can making 

i^onracs wiih the terminal, cauic stub. etc. 



may be sent out to change the termination of a 
suf'Set ^ ver to a good pair. When the trouble is 
\n ;he subset area, the instaiier must run a series 
of tests to determine its exact iocatio ^ \iter the 
trouble has been located, it niust i\ cn be cor- 
rected, 

17, Troubitt Locoiion Proc«dur«s 

I"- 1, In locatmg faults m the drop, biock. and 
station wifm^. >ou can save much time and effon 
by careful analysis and systematic procedure. Ixi 
some mstances you can readily detect (he prob- 
abie location of a fault by a visuai inspection ut 
the Ime. 

M-Z: Trouble An$ii\sis. Before proceeding to 
the station, have the test deskman give you in- 
formation on the probable nature of the fault and 




the cable pair, and terminal numbers associated 
\siih the faulty circiiit Then go dkrcUy to the 

make a visuiil inspection for obvious breujks. dam- 
aged msuiatioa, and proper terminai connection. 

17-3 The vomnion causes of wire o-oubie are 
opens, shorts, croikses, or grounds, as shown tn 
figure 134: and they, in turn, result Irom such 
obvjous causes as those tabulated m tabic 3, 

17-4 Remember that the ime conductors m a 
telephone circuit arc classified as the tip and the 
rmg conductors. The ring conductor," or negative 
Side ot the line, supplies the electrical energy for 
the -talking circuit: the tip conductor provides the 
return path for the current to the central office 
ground, thereby compicting the talking circuit. 
When testing circuits and locating faults, you ^ill 
frciquentiy have to identify the tip and the nag 
conductors. 

17-5. Although the procedure for identifying 
conductors was mentioned earlier m thjs volume, 
4 more complete expianatioo of how this is done 
With a hand rest set is given in the following para- 
graphs. Refer to figure 135. which shows the test 
^ci connected at the cable termmal, while read- 
uig the toiiowmg steps: 

\ 1 } Select a convenient test point, such as a 



cable terminal, connecting block, or station pro- 
tector, where* a suitable eiectncal ground iS avau- 

abijhi.,, ,^ ^ _ 

i2) Gip one lead of the test set to the ground. 

( 3 ) Touch the other lead of the test set alter- 
naieiy to the two terminals at' the test i\xation. 
As each terminal is iiouchcd, you should hear a 
click m the receiver oi the test set. The click on 
the ring (battery) side will be distinct and clearly 
audible, whereas the ciick on the tip side wil! be 
faun and may not actually be heard, depending 
on the difference in potential between the central 
office ground and the ground al the test location. 
The absence of a loud click or sidetone on either 
side of the line is an indication that a fault exists 
between (he test point and the central office. 

(4) Place the test set switch in the talk posi- 
tion. 

(51 Check for proper identification of the nng 
conductor by blowing or whistling m the transmit- 
ter of the hand set while the test set lead is 
touched or connected to the ring side of the line. 
If the identification is correct, you will hear side- 
tone in the receiver of the hand set. 

17-6 Types oi Line Faults, As mentioned be- 
tore, there are four types of common Hij^ faults: 
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Figure 136- Ring-tip crosi.^ 
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opens, shorts. crossci>. and grounds. .-\n under- 
standing of each tspc of imc fa^'it and the condi- 
tions thai commoniv cause ihese various -taults 
wdl maivc vcur troubicshuotins :ask rciativeh 
simple. 

l"-:*, Op^ns. An open -cMsts when the con- 
Juctmii circuit IS broken, It is possible to haNo 
situations vvherc the cir.uu-is open mtermutentlN , 
Theretore. opens arc cliinsified as -comPietc 
opens'" or -mtcnnutem opens," Sometimes, hmh- 
rcsiStancc connections (connections where poor 
contact. IS made) are ciassitied as opens, Beiow 
are some condmoas that commonly cause opens 
;n drop, block, or staiioq wmns' 

A break m one or bodi conductors the 
circuit. 

• .A wire disconnected from a terramai. 

• An improper or split pair connection at a 

cable tertniDai. 

*^ A loose conn«:cuon at a terminai. ^ ■ 

An itnproperiy made -splice. 

• A high-resistance cooasctioti. caused by 
ifac tormauoQ of corrosion on the conduciore. 
binding posts, nilts. or terminals. 



17-8. .\ line open causes the teicpnone set to 
be dead. Wc mean by this statement that nugjng 
and tiiikmg arc not p.ossifaLc. Nonnaiiy, the teie- 



iVnone user reports this line condition, since an 
open line circuit appears good at the ccnliai ot- 
tice:- 

1^-9 Shorn- \ short may exist at any piece 
of apparatus or portion of the circuit Thus, --ve 
mav .refer to a circuit as being paniaily or com- 
ricielv shorted. For e.xamplc, a shorted nnger 
capacitor sn a subset would only partially shon 
the une circuit, but a short from tip to ring of the 
drop wire *ouid completely short the line circuit. 
Shorts are often caused by a drop wire with 
broken msuianoh: a clamp conducting from one 
conductor to the other; cabic nngs weanng 
through the cable sheath and conductor msuia- 
iion. hiiih voltage hitting the cable pair, welding , 
the conducted together; dirt or moisture accumu- 
lation in terminals, protectors, or connecting 
blocks; wire tips e.xiendmg too far and contacting 
.another binding post: and nails driven through the 
insulation of stauon wiring. ^> 

n-'io. .A completely shorted circuit causes the 
teiepiione subset to appear dead because oi the 
reduced resistance that the short offers to the 
circuit .A partial short affects the individual ap- 
paratus m paraik'i with i y but -the rest of the 
circuit" may"^ uaafJct'tfdr 

17-11. Crosses. A circuit "cross"' is the term 



used to describe the situation when a conductor 
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Figure 138. Ring- riag cross. 



from one line pair makc^. contact with a conduc- 
tor from another piitr. A cross may be caused by 
a direct contact between adjacent conductors or 
indirectly througji equipment \n the ccatiaj otficc. 
Therc are tour types oi crosses that can occur m 
telephone work : nng-cip. iip-rmg. tip-tip. :ind 
nng-nng, each indicating trouble m the term oi 
ijiound or rorniui vokage. Crosses are caused ^bv 



tlie same defects js shorts — moisrurc, tips too 
long, broken insulation, and other conditions. 

!7-]2. The nng-tip cross means that the ring 
conductor oi one paar js m contact with the tip 
conductor of another pair. In this case, ground 
be indicated on the ring conductor concerned, 
i :ie reason tor this is that ali up conductors are 
'■orTTiaily grounded. Tiicretorc. the cross connec- 
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<ion bct^'cca ring and tip extends ground lo the 
nng wouductor. When the riag cosidyA^s^r is 
"tM" * pWiT^Yepora which' 
you are troubieshootmg), the symptoms of trou- 
ble in ihih pair arc ( I ) a permanent signal at 
the central office, ( 2 ) the u^iephone subset on 
this patf cannot r^eive or transom or can do so 
only With difficuity. and (3^ crosstalk aalk from 
the other pair concerned) is heard if both lines 
are ;n operation at the same time. The exact 
effect on che telephone sutiet is determined by 
the location of the cross. Because of the per- 
manent signal, the central office personnel would 
most likciv^port the trouble. The ring-tip cross 
is illustrated in figure 136 by the line and arrows 
which indicate a connection from the ring con- 
ductor of iine 1 to the tip conductor of line 2, 
Bv looking at this illustration, you can ?ce how 
this cross completes a circuit through the central 
office battery, lighting the signal lamp for Unc 1 
in ihe central office. 

17-13. The tip-ring cross, illustrated .in figure 
13"^. IS ven^ similar to the rmg-tip cross, As a 
:Tiatrer of fact, the oniy difference in the situa- 
tion betv^en the circuits lUustrated in figures 13c 
and 137 is that the condition between the lines 
has been reversed. That is, if you were trouble- 
shooting line I ill figure 136. you would be deal- 
ing With a ring-tip cross, and if you were troubie- 
sbootmg line 1 in figure 137, you would be 
Jtralmg wnh a t:p-r!ng cross. If ^^tation 1 m figure 
137 had reported the troubie, it most hkely wouiJ 
have reported crosstalk. This type of cross, how- 
ever, would iight the !amp in the central otfic:: 
for ijne Z. Therefore, the centra! office wnuid 
rrport uhc troubie as bemg m ime From these 
reports and bv pierformmg tests, the dpprox':Tiate 
location oi the cress can be determined. 

I'^'-N A tip'to-up cross Joes net .iffect iht* 
:?ntral office swachboard. and i! causes cross- 
walk oni) when both hnes are operaimg at tnc 
same time. Therefore, this trouble may ex:st for 
scvi^ral davs before :t :s noticed or reported bv 
the teierhotie subscriber station personnel. 

n-l5, A cross between the nng conductors ot 
adjacent pairs causes a false signal on one ime 
wncn a station ti operating, \"ou can see m tig- 
urc US'^that une i.ne lamps tn both cuxujts wi!i 
operate when tfaii hookswitch at either sxaUon is 
closed. You can also sec that the hookswitch ;n 
station I IS closed and the one m station 2 is 
open. The results wouid' be the same, however, 
if Lhe hookswitch Ln station Z were closed and 



current is sent to either station, it causes the belis 
of both teiephone sets to nnc, A nng-ring cros:^ 
may be reported by either the telephone station 



17-16. Groiifuu, A line ground is a undesir- 
able connection to ^arth or to conducu^rs which 
are connected" ^ to ' '^ztiK "^oSt" 'pSanfis ' 6cc\ir " at 
teiephone set protectors, where the carbon blocks 
make contact when high voltage flashes across 
the 0 003-mch airgap. Foreign particles, such as 
dust and moisture', often settle between the carbon 
blocks and establish a conducting circuit to 
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ground. Une gzxjunds. other thaa at the protec- ' 
tor, aic uiually ihc rwuit of damaged iasuktioa 

tictttii buil^^ s^tSttiadi vinires, prbjecticns, etc- 
Also, such grounds may be caused by wet station 
winng whKh makes contact to a grounded metal- 
lic object, 

17-17. The effects of line grounds are depend- 
ent upon the type of groiusd. Three groimded 
conditions may be found on a line. "The tip side 
of the line or the ring side of the line may be 
grounded, or a ground may be on both sides 
which, in effect, is a direct shoa The tip side 
ground may cause noise in the receiver as a result 
of ic ground returns, power ground returns, and 
the earth cuntsts being introduced into the Une. 
Such noisy conditions are usually reported by the 
telephone statu)n personnel. A grounded ring 
conductor on the line results in a permanent sig- 
nal at the central office and prevents transmis- 
sion or Signaling by the telephone station. As a 
result of the permanent signal, this troubie is usu- 
ally reported by central office personnel. The 
ground on both sides of the line causes a com- 
plete disruption of service; no signal or trans- 
mission iS possible and a pennanent signal is seen 
at the central office switchboard. 

17-18, It is as possible to have intermittent 
shorts, crosses, and grounds, as it is to have inter- 
mittent opens. These intermittent effects are re- 
ferred to as **swingjng" grounds, shorts, etc., while 
the completely shorted or grounded circuit is often 
i-eferred to as a *'soiid*' short or ground. 

17-19. It is impossible to overestimate the 
value of a good understanding of iht different 
wpes of line .'aults. It is not unusual for an air- 
man who knows the common causes of Une faults 
ana is familiar with the installation to go directly 
to the cause of a reported trouble upon being 
told the type of fauit in a circuit. 

Testing for Li« Faults. The best way 
to locate, shorts, grounds, opens, or crosses be- 
tween the terminal and the telephone subset is by 
using a test set of some kind. Normally, the hand 
test %ci is used for testing station lines; however, 
the type of fault (open, short, cross, c?r ground) 
determines how the set is used. Before we con- 
sider the testmg for each type of fauit. let us 
briefly discuss the preliminary steps required, 

17-21. Before the testing in a subset area is 
staned, the repairman ^ouid have the foHowIni^ 
infonnatjoh in order to proceed inteUigetJtly 'and 
efficiently to locate the catise of rroubie: 



(2) The location of the set, given in sufficient 
detail to i^rmjt ready identification of the prem- 
ises (sudi as the floor, room number, etc.). 



(3) Cable number, pair number, and tertni- 

oal 

(41,. The ;poie^.num^^^^^^ wj^<^,.ihe 

tennlnate fon other than cable lines) if available. 

(5) Transmission qualify, if any. 

(6) Nature of the trouble as diagnosed by test 
or from a report. 

(7) Whether or not the station is out of serv- 
ice. 

( 8 ) Other items of special information such 

as: 

(a) .\ny indication that foreign current 
is on the line. 

(b) Is the service at fault for a hospital 
or doctor's office? 

(c) Has that trouble or one similar oc* 
curred recently on the same Imc? 

(d) Should the entire line from the termi- 
nal to the station be inspcaed? 

17*22. The first step in locating line faults is 
to venfy the information given you. Take nothing 
for granted; always check the line to be sure that 
the trouble is as reported. The next step is to 
dc;erminc if the trouble is in the cable or in the 
installation winng. If the fauit is in the cable, 
report the condition to your wire chief or test 
desk. Another pair may be assigned for the cir- 
cuit. If the trouble is in the installation wiring, 
determine what part of the wiring contains the- 
fault. This procedure of elimination is sometimes 
referred to as trouble isolation. To cafry out this 
procedure, make the fir %t test at the station pro- 
tector and proceed in tnc iirection'of the trouble 
to the next convenient test point. 

17-23. For purposes of clarification, it might 
be well to go through the initial testing process. 
L'smc figure 139 as a reference, assume that 
there -is a line fault between the central office and 
ihe telephone. The , objective is to isolate the 
fauit: 

( 1 ) Remove the fuses from the protector and 
test back towards the central office (D toward 
f). If the test indicates the trouble to be be- 
tween D and F. proceed from the protector to the 
terminal 

(2) Now, remove the drop wire 'from the tcr- 
.minai binding posts and test toward the central 

office again {£ to F). If E to F is ciear of trou- 
ble, the fault mUst be in the drop wire. Note: 
If in making the first test at the protector (step! ), 
you found the trouble to be in the station wiring, 
replace the fuses in the protector and proceed to 
the connecting block A. 



biocic and test back toward the station protector 
( A to C). If the line )s good, the fault lies in the 
instrument or cords, However, if the lice from 
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A to C tests faulty', the troubic i$ m the station 
run, 

17-24, The testing process can jiist as wcii be 
started jit the tcrminaJ instead of the station pro- 
tector, but lieleci points where disconnections can 
be made readily, such as binding posts, bridging 
connectors, connecting block, etc. ■ In general, no 
'A'lrcs are to be cut until tlic tests have isolated 
:hc fault bet^'cen two adjacent points. Then, 
after an inspection has been made, one conduc- 
tor of the wire may be cut to make the test. It 
iS wise to Stan your testing from the most con- 
venient place; you msght save one tnp up the 
poie if vou start at the protector. Remember. \oo, 
a quick inspection for broken wires is ajwavs 
advisable before beginning the tc:.:s, Pnc test set 
across the tip and ring of the hnc should respond 
with a click each time the connection is made 
and bfoken. The absence of a click indicates an 
open in the Une. 

17-25. Testing for shorts. As mehtjoned be- 
fore, shorts in drop, block, or station wirmg arc 
caused tnainiy by damage to the insuiauon when 
the wires are ia contact with supporting fixtures, 
pole or building attachments, and trees or^ other 
abstnidioos aiosg the wire route. Shorts aifc also 
caused by dirt or foreign materia] that nas ac- 
cumulated m tennijaals, protectors, and connect- 



at othe* interconnections and those ^atised by 
dampness penetrating ciamaged insulation are 

usually high resistance shorts which can be more 



7$ 



readily detected in wet weather, because then 
they are usually more pronounced. 

17-26. Tlie procedure for isolating shorts is, 
the same for both high-resistance and low^rcsist- 
ancc shorts. With high-icsistance shorts, however, 
the test deskman. by using central office test 
equipment, can more accurately guide and direct 
the repairman to the location of the fault. 

17-27. To isolate a shorted section of the drop 
and station wiring installation, test the line at :he 
cable tenrnmai and at successive terminating 
points. You can start at the cable terminal and 
work toward the station end of the Une (fig. 
!40): however, many experienced repairmen 
Stan at the protector. Use a hand test set to 
make each test as follows: 

i 1 } Disconnect the wire leading toward the 
station, 

(2) Bridge the tc^r set leads across the termi- 
nals, 

i'3") Listen in the test set receiver for euher 
dial tone or operator response, 

17-28, If dial tone or operator response s ob- 
uined, the line may be considered good up to 
the test point. So reconnect the wire leading :o- 
warcj the station end of the Hnc and proceed to 
the i^ext test point. If dial tone or operator re- 

is in the sectlon^of line betw^n that test point 
and the previous test point. The short may then 

be further isolated by a ciose visual miction to 
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locate the ptobabte defect in tbt wiring or by 
cutting the wire ai selected points and conducting 

old or the tested section is short it is cotnmon 
practice to replace the whole section. 

17-29, When the test at the c;^ie terminal 
indicates Uiat the short is in the cabie, report to 
the test deskman £or further insmictions. 

17-30. l esttrtg for grounds. Grounds in drop, 
block,' and station wiring are usually caused by 
diima^c to the itisulation when the wires arc in 
contact with poles, trees, guys, buddings, cables, 
ground wirtt, rainspouts, building projections, 
or other structures, 

I7-3L To isolate the section of the line in 
which the ground is located, t^t the line at ^ 
cable tenninai and at successive temxinai points 
along the line. Stan at the cable terminal and 
work coward the station end of the line. Use 
a hand test set (see fig, 141) to make each test 
as follows: 

1 1 ) Disconnect Uie sution leads of the line 
under test from the terminal post at the test 
location. 

{Z) Identuy the nng side of the line, 
{ 3 ) Clip one of the rest set leads to the tcr- 
mmai post on the nng side of the line. 



(4) Touch the free lead of the test set to each 
of the disconnKted leads in tum. 
..i5)^Listea;4n.t^ 

a battery click on the make and break of each 
contact, 

17-32, A battery click on the make and break 
of either of the test contacts indicates that a 
gound on the station side of the test point has 
completed a path for current from the central 
office battery to ground, 

17-33, A battery click on the make and break 
make and break of any of the test contacts at 
any test point indicates that the ground is in the * 
section of the line between that test point and the 
previous test point If you do not hear a battery 
click during tests conducted at a c^le tenninai 
and you cannot trace the ground to a faulty con-* 
dition in the terminal, then you must asstune 
that the fault is in the cable, and you should 
contact the test deskman for further iustructions, 

17-34. Sometimes you cannot isolate high-re- 
sistance grounds with the hand test set So have 
the test deskman test the line while disconnections 
are made ar the various terminal points, 

17-35. -After the ground has been isolated to 
one sccnoQ of the substation, it may be further 
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isolated by a close vjsuai inspection or bv more 
The tepaiman coa dccicie tJie need for 
specific ^ulriocaiiOfirNvhichis^^^ 
any particular job. 

17-36, Tesun^ jar opens. Opens are usuuily 
caused by one of the foilowing conditions: 

• A break in one or both conductors in the 
wire, 

• A wii-e disconnected from a terminal. 

• An improper or split-pair connection at a 
cable tenninal. 

• A Ijose connection at a terminal. 

• An improperiy made splice. 

17-37. To isolate the section of line in which 
the open is located, test the line at the cable ter- 
minal and at successive terminal points along the 
hne. staaing at the cable termmal and workmg 
toward the station end of the line. Make each 
test by bridging a hand test set across the termi- 
nals of the circuit under test and listening for a 
battery click m the receiver of the test set (fiij. 
I4:V As in previous tests, if no click is heard, 
the open is betv^cen the test point and the pre- 
vtous test point If you do not hear a battery- 
click dunng tests at a cable terminal and you 
cannot trace the open to a faulty connection in 
the termmaJ. vcu can assume that the fault is in 
ihc cable. In such a case, contact the dcskman 
for further instructions. 

1^-38 To isolate an intermittent open, move 
and shake the wsrcs m the section of the ime that 
IS on the central office side of the rest location. 
A succession or battery clicks or a fluttering noise 
in the receiver of the test set indicates that the 
open :s m the secuon of the line under test. If 
the faujt C'lnnet be isolated by such actiorv a 
careful Msual inspection of the hne. particularly 
at terminal point connections, will usually dis- 
close the faulty condition. 

!7'39 High-rcsistance connections are usuallv 
caused by improper cleanmg of the conductors at 
termmals or by the formation of corrosion on the 
conductors, binding posts, nuts, or washers at the 
termmai. When isolating high-rcsiStancc connec- 
tions, bridge the test set across the conductors 
or the station side of the termination and listen 
for noise. If you cannot definm'y tsolace the 
fault to any specific connection. d;sconnect, clean, 
and reconnect the conductors at aU^ termwal 
pomts and retcst the line. 

1 7-40. After you have isolated an open to one 
«ectlcnM:)f--4he^ftrp-^r--si^ 
may fuitner isolate it by a close visual inspection 
or additional tests to specifically locate the dc- 
6tcL Any Qeed for fimher Violation oi specific 

is: 



location of a fauli In a section of wire will be 
dejessstmed by the eckut pexedutes vou have 
selected. 

\7^l. Ti^sting for crosstts. Figure 143 shows 
all four types of crosses that can occur in tele- 
phone circuits and the test set connection for 
each cross that results in an audible response. 
To make any of these tests, both wires of one 
of the crossed lines must be disconnected from 
the terminal binding posts. These wires must be 
placed m a position so that they can be prtjpcriy 
conncc«:d upon completion of the tests. After the 
wires have been disconnected, one clip of the 
test set must connected to one binding post, 
as shown in figure 143. Then, the other clip 
must be touched to the disconnected wires in 
turn. If a click occurs, you can sec that the wire 
causing the click is crossed with another line 'and 
the cross is near the point where you are making 
the check. If no click is heard, then the one test 
clip must be transferred to the other binding post 
and .he test repeated by again touching the^'other 
test -'ip to the disconnected wires. If no clicks 
are heard on either test, the cross is not located in 
this part of the circuit, 

17-42. Testing for a cross in a cable contain- 
ing several pairs may sometimes be rather deceiv- 
mg. What appears to be crossed circuit may 
actually be a short. You must remember that a 
cross mvolves two circuits, or two pairs. The 
click that is heard when tcstmg may be caused 
by cither of two conditions: the pairs may be 
shorted or the line under test may be crossed 
^vlth an adjacent pair. By performing tests for 
both crosses and shorts, the trouble can usually 
be isolated- 

tS. Trouble EHmination 

The type of repair that is required for 
a particular substation trouble must, of course, 
be determined by the type of trouble and its 
location. In each case, the repair required is a 
repetition of the mstaJlation steps. Probably a 
connection was not cleaned iiiid scoured or maybe 
a Wire !s damaged. 

IS'2. Wirt Portion of the Circuit Repairing 
wire breaks- or other damage depends upon the 
location of the damage. - After you have ?soiated 
the fadt to a particular^ section of the instaiiation. - 
you must then find its specific location. In most 
cases. It IS possible to pinpoint the exact location 
■-or^he^auit^y^^^reMnwp^^^^^ 
involved. lr\ cases of swinging or high-resistance 
faults: make sure that aJf connections are tight 
md cleaii. FAUlm located in sc^skm of d^p^ 

'i 



Qc cui out and a 
iig that tile mstal- 
mc ihut ho^ dcse- 

I cause cannot be re- 



mosed, such as a building obstacle or trees, rc 
locate the iine adjacent to that point 

lS-3. Other Cumpi^ii^ts* If the trouble is 
traced to the pr^^^ the tis^ jLUd 

ipect the carbon blocL. If the csrbon blocks arc 
damp* Wipe them dr>*; in some cases vuu mav 
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have to relocate the protector to avoid tiv^sc con- 
ditions. If xht carbon biocks are dirty or' psuccL 
J^lc^^ 

the better ttsairitenancc practice. If your defciSion 
IS to clean ihcm, be carcfiU that yod do not in- 
crease the OiTgap between the blocks, 

18-4 Connecting blocks seldom cause service 
interruptions unless they are struck by an object 
which dents the cover or breaks the base. These 
troubles are easily corrected by replacing the 
damaged parts. If the inside wiring is grounded 
or broken, it may be repaired by splicing; how- 



ever, if it has dettnorated. it should also be re- 
'piuced. 

4S»3; -When-the troub!e''is found "iii the 
cable or line, you must then report the situation 
to the central office. In this case, the w$rc chief 
will usually assign.- another pair (if available) 
for use with th^ station on which you are working. 

18-6. This ends the final chapter of Volume 
3. Cdmpfetc the last group of chapter review 
exercises and .review the material in the book to 
prepare yourself for ^e volume review exercises. 
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MOST communicaUoas systems are developed around the basic electrical 
principles; therefore, a repairman with a good knowledge of one, -^ 
communications system should soon be able to learn the feature of a 
second. You should be able to give good equipment service if you can trace 
and analyze communications circuits. An efficient repairman understands 
the theory and the normal function of each circuit 'in the system. That 
understanding permits his mtelligent analysis of equipment trouble. 

Smce the objective -of communications maintenance is to inatre accurate, 
rapid, and prolonged operation of Air Force equipment, delays must 
therefore \x held to a minimum. Consequently, when trouble comes, the 
service is to begin immediately and must be completed as soon as possible. 

Xhis volume describes t^e varied uses of key and intercommunicating 
systems. Also, it describes operating principles of exemplary equipment, 
thus giving procedures that apply to most systems. The example method is 
also used in describing insiaiiation, trouble analysis, and maintenance. 
Notation is made of the comparison between equipments, circuit principles, 
installation methods, and maintenance requirements dfescribed in other 
volumes. 

This "home study" CDC. vnth the skill training you get during OJT, wUl 
broaden your knowledge and prepare you for complex tasks. You should 
realize that complex tasks are often a union of simple tasks; hence, by 
completing simple assignments, you help solve a complex prbblem. VVhen 
you need an answer to a question, ask one of the experienced 
instailer-repairman team members. .A qualified technician is willing to help a 
trainee who is sincere in wanting to know— because the former understands 
that "knowing" is required of a capable member on the team. 

At the- end of this volume is a glossary, which defines many terms or 
words that are related tp your job. Use it. 

Tiiere are seven schematic foldouts with this %'olume. Foldouts 2, -4. 5, and 
t7 are m the back of the volume. Foldouts 1, 3, and 7 are included as separate 
aiserts. 
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NOT TOO MANY ifo 4 pictura of 
buy txacutiM uMiUy mdudtd a hugt d«k 
with Kvtzmi cosunuzticatioat Jaktzumcots. 
Thair 'ntisU>« and typM gav« you an 
iadication of how impcurtant ha wai, la tha 
sama oCtSca today you saa a cUffaftnt picture.^ 
Ona or two lophitticatad initnimant* have 
replacad the many individtial uniti, and the 
system 9 tailosed to meat cfae special 
requizcmanta of that particular office. 

2. Whan a * communications' system is 
propedy inatalladv the work of the using 
oiganizafiion is simplified because such a 
sy^em can save many staps and hiuch time. 
The use of intercommunications systems, key 
teiephoxM equipm«it, and private bnhch 
exchange (PBX) switchboards saves cable, 
^iruments, ai}d Central office equipment. 
Because' of these savings, base 
communications personnel can increase the 
telephone service of using organisations. ^ 

3i A ^aty of communici^ons systems 
an in winlk use by the Air Force. Individuals 
in ■ the tel^hone equipment 
installer-repairman career fieid are responsible 
for the installation and maintenance of tha 
equipment We wiH discuss several systems in 
use^ . ftt Air Force initallations. This 
information will help you understai»i the 
epilations, izutallation, and maintenance of 
these communications system^. 



1. Key Telephone Systems 

1*1. Mod^ -key tdiephona^ in addition to 
prov^iing specialised ti^hone seivicet 
present a better appMsanca and are more 
economical and vesaatila ^lan the telephones 
usied with tha original systems. former 
systems provided a specialis«l telephone 
service, l^t tbSe sations were limited to a j^t 
arrangement beduue the features were 
grouped in cefta^ (»>mbinations -t£ form 
syst«DUk. Tha feat|tres iae&uied: pickup, hoki. 



intercom, cutoff, and signaling. The praeent 
systamt faava all the advantages ■ of &e 
supatsedeci system, but they also can have 
additional futures. An e^^ple of the, 
possibll^ divarsification is Acn'^y considering 
a base comtninder's key telephdiie'and that 
of his recefitionisi; His unit may have an 
exclusion key, and hers may require a greater 
number of keys. Vou must consider ^ach 
nation as a separate problem and theiv select 
the equipment -that satisfies the needs at each 
station.' 

1-2. The Air Force now uses VAX, 1A2, 
and 6A key systems extez^vely; but key 
equipment is continually being expanded, 
modified, and improved. Consequently, you 
need to be prepared for variations in Circuitry. 
ISiif section will help you to understand the 
operation, installation, and maintenance of 
any-key system. r< * 

i-3. Type lAl &ey Systerii. The lAX key 
system compares with a PBX^ in that the 
talking circui|5 are connected by an opexztesi 
key. Of course, fin 'this system ithe user 
opemtes th6 keyf whereas an attendant 
opera<'?9 the PBX keys. The typical system 
includes . |hree to seven talking circuits 
distributed among 5 to 15 staUons. 

1-4. ^ne big sdvantage of the lAl system 
is its fiexibiiity. Probably no two installations 
are exactly alike in all service provisions. The 
talking circuits of a system may connect 
dieectly to a cental office, a PBX, or a similar 
telephone system. A circuit is also available 
for a local int«rcom system with visual and 
audible supervision at sadi station. 

1-5, Many other s«vwes may be provided 
by* adding a particular unit to the installation. 
We use |i typkai lAI key telephone system 
(shown in fig. 1) for our explanation. 

1-6. It is evident in this figure that th€ 
system cohsists of telephones, connectors, 
bridging terminals, a r^lay c^inet (which 
contains key units), and a power supply. The 
iUustiated sy^m has seved stations. Each*. 
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FlfuW 1. Key iTitvm U:sro]^t. 



telephone, through iU coonvctioas and 
termioali, h«s Acati to four c«itzal office 
iinee and on* isteveois line. Eai^ encuit 
wocks becsuie of the selay unita of - the 
equipment cabinet. A^doae examination of 
the individufli composcqti Is oepeisaty if we 
a» to^ undesitaad the system. Let us first 
examine' the taiej^oiei of the system. - ' 

1-7. ThM 5S8 kty t^kphont. The 565 
telephone is on? in the 560- series of key 
teiephonesJ The Air Fotce has many 
variations of ^*¥eni ley telephones. We have 
chosen Uie 565 for otst discussion beeause.^t 



adeq^ia^y lepxesents the 560 sesiea key 
teiephoites. Essentially ,wt ^ is a 500 type 
telfplume, / discussed ia a previous volume, 
with^addition of the drcuits for. the keys. The 
.talking, tinging, aiMi receiving circuits are the 
same as ^oee of ti» 500 ^rp*. These key 
teiephoms bi^ kejw for .pi^skup, holding, 
signailng. cutoff, add int«com. The* keys are 
locatad is the lower fi»nt part of ,the 
telephcma set and are innminl» for sgnaUng 
and for (may indky^n. When more than one 
line .terxBiaates^ii^ set. the rihgn; may be 
connected to any doe line or, with addi^nal 
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Fifurt 2. iUy ttitpboM ftt pushbu^xvud switch anftiig«mta(. 



equipment;. b« suute common to ail linei* Ail 
Mounting Caxds hive amphenol connectoxs. 

IS. The puahbuttoni shown below the 
dial in figure 2 (which is an illustration of a 
base^icommander's set) move spxings on»ktys 
piftced below -thrai. These springs' are also 
^Ulus^ted in figure 2. The PICKUP keys 



switch the set*s talking circuit td one line. The 
depressed pushbutton locks down*^4l(nd, in 
addition, restores my otiher d^pr^ssed 
{mshbutton* to tl^ normal position, thus, an 
interlockiz^ device bet^i^n the keyii pr^ents 
two keys from be&g opeialed^amultineously. 
A lamp witiyn the operated pushbutton glows 



: ERIC' 













FEATURES 








'■ f 1 

ccorNC 


. 1 




EXCL 




KEY 




! iT.vflON SCSY 1 
! LAMP CONTROL I 


»P£*i>K£HPHaN 


z i 

^ 

! 






DIAL 




riPPP 










HPPP ' 








X 


— ^ 


• 


— !- 








MD 


KPPP- 


I, ... 




















L — 












KPPPPP 








i ■ 












ro 


HPPPP5 






















j HPPPU 










r— ^ 




















\ 


?i 


5* ^ 


4 


I 






■ MO 


HPPP*P^P^ 






- 




X i 






















?c 


■n s r 


X 










US 










X 


.. , ^ i 








' 5t55AA 


5cf A2 








^ — 


X 


;< ' 


X 


















X 


[ 












' MO 


:<PPPP^C 








X 


i X 


\ 










[ MO, 




■ X 






X ' 


J s . 






X 














X 


J S M 


X . 




, ^ . 1 






HPPP'P^P* 






X 








X 












,^ 




H 










KPPP*P*^^ 


X 




X 


^ — rt 






X 






P <i) P^<«uf> ^L^CKtnf j 








P* » won. •Aib*«.' #',t.*^r 



Flfiu* 3. Umtifleatkm cixiM for kay fcfl«t>hoa«. 



196 



,.'4, 



to iadkftt* th* buiy coaditi^iu By^mtim 
HOtD puihbuttbn, you )cMp tht Unff 
conoMtioii whilt ptsfbfiaing anotb«r 
functioo. a«l«ai»^ of tht HOLD puihbutton 
rmtom tht op^atad PICKUP piuhijl^ttotL 
The figuxv indudai en ^picaafiion on the. 
opention of the EXCLUSION k^, , ^vhich 
pennits the user to cut out ail stations of that, 



lytlim. fb£ that cMtaL^A^:^^ &eIugiQit 
is nonaalty eCTAtive on -only the line 
connected to the fizst PICKUP key. Following 
the opention of this key, the.opeiator of the 
key car talk ok an outside line without being 
heatd or inteifteed with by oth«r pezsons in 
the system. 

1*9. The 565 key telephone' is identified^ 
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bsr ft codt. Fifuit a^u|iicttMi iti cod* idid ito 

two or s tbitc Ittltn,, jxi idditiQ»' to; tnrM • 
.cUfitt. Each digit and lattar indicataa a 
duoKtanttic of the Ml For cxampia: . 

• FiDt digit. Tht 5 of thit portion 
indicataa that tht Mt haa tht com^poiiants of 
tht sod typt taiiphoht. .. K 

• Stcond digii|Tht Mcond digit: ii aiways . 
0, X. 4, or 6 ami indicate tht nfix^^ of ^ 

pushbuttons on tht stt Thars wtrt a ftw sate' . 
having 7 u a stcond digit. Thia.stt had thrts ^ 
PICKUP kayt, thxtt HOLD kays, andont kt!r 
for optrating a Inixzar dzcuit. 

• Third digit..Tht )lhi^ digit U always t 0,. 
X, 4, 5, ocuS and indicataa soma of tht 
feathraa builiriato tht sat. Othar f^tturta are 
indicated by lattta. * 

(X) A 0 .indicatas that tht set has neither 
exclusion nor lamps., * y 

(2) A X indicates txclusion but no lamps. 

(3) A 4 indicates lamps -but no exclusion. 

(4) A 5 indicates lamps and exclusion. . 

(5) An S indicates that the set is designed 
for use with 4-wire service. 

• Fixst letter. The fixst letter indicates the . 
ammgement of the keys. This^lett^ is 
arfoitmily assigned and im no fiyiificance • 
except as assigned in thr^ iientiiication chart. 
.\s an exampie, thn ^>1. letter, L, for the 
565LB teiep^a>f e irdicates that the phone has 
CUTOFF WHOLD buttons. Also, it 
indicates th-^;; the plbaie is usable with ''hands 
off ^ equipment. 

• Second letter. Originaily, the second 
letter indicated whether the set was 
constructed with or without a dial. An. "A" 
identified it a* manual Hype and a '*5" 
identified it as hkving a dial. All sets are now 
shipped with a dial, hence no code is ne^ed. 
Of pouisc, you may* see s^ts that have the 
'former identific^on. The second letter on 
the most modem sets will indicate ano^er 
variation which may hive different meanings. 
Agaih, the manufacturer determines the 
indixiator aifd its meaning. 

NOTE: Touch -tone telephone coding 
differs from what we have shown in figure 3. 
The X364HL ii one of thw tiidephonn. tn 
this case the X iiuikates that the telephone is 
a touch-tone cvpe (using pushltottoni for 
dialing). It, also"^ has ont HOLD and Qve 
PICKUP keys, indicated by the 6. The 4 
indicates som&,of the features of the set, and 
the lefEeA rev^ oth« features. T^a 
telephone won't worlc vntb the 207C dial 
intercom unit;, th^s it must be used with a 
touch-t<SM a^tei*, unit if the ^7C is a part 
of thtsjijrcem. ' - 



' X4t}ASinca almost' any- d^irwi ftatuct. 

you ^otild s^dy your nquittiseh^ an^ 
ftltct thi^ tquipn|tnt tiut mttts thost petds:, 
Let us dpnsidtr tht tw^tuztt„Qf tht stta. 
illusmttdM figuxt X. ■ ' \ ' 

X-ix. it i/" tvidtnt ' tliat the \ - 
communkMioaa offictr ordtMd for^'tht istat 
conuttindtf\a itt containing tht EXCLUSION \ 
kty, a HOLD pushbutton, and fivt PICKUP \ 
ktya. F^putTs ua that this stt must bt 
Sa|HK C565HB and 665GB, baring most of 
tht aamt fiptturts art no ^agu bting 
manufactured ns indksattd by tht MD in tht 
ritiBf coUnhn).^ Ho^rtvtr, t|u tzcbuion 
switch for tfat\sit would h|ft to bt ordtrtd , 
stpamtti^ although tht phmgtr wpuld bt ih 
tht ttltphont cast. . In addition, figure X ^ 
dtsclosts that key is connected to tnr- 
uniisttd cratrai office lint. Since the lint is 
not listtd in the directory, |ew incoming calls ^ ' 
will be received through this circuit' 
T;;onsequently, as ftattd in figure X, the line-is - 
"intended primarily for outgoing' caUs. Of 
' course, the outgoihg and incoming lines could . 
have been assigned to any qf the "P" keys. 

\ 
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Tht rtBuOniaf ufefihdQM of figuM 1 hiirc no 

st«tutt;^us tht UMl\ can umr a caU oa t 
Unt witliout dii^noidti&g t wcond lint that 
hu t.c«ll ^ tadittiict.; 

1-1^ Figun 3 itmlf . two additionii'^ 
v^Hjon for kty syftnu. TTjt cutoff ftatura ii 
« cuctiitf dtviet whib<s^ ptnaiU tht to 
disconntct an txttniion or >vi tonnon^ 
ringtr. Th* «ign4jfeutton aUot^^tbt ftation 
occupant td ifg n aWnoJ htr statibkw^ tht 
gfittm by amply hoiding tht Itoy down^ 
Rtmwing ywir^ng^r from tht button aliowt 
tht iSUtton to ^ittoii. AU it^n^, n&ud^ti 
an audiblt signaling dtvict. tot a ku nW 
ugaal, you, nay a buste inittKi of a 
Eingw. Whtn l»mpt an uatdTla fttady glow 
incbcatts that tjit call has btanVisw^^ or is 
an outgoing iCalL, A flashing latsp indicatts 
that tht caU tsincbmisff. A visual signal is also 
prSvidtd in 4»n|^nqubn wSh ' a HOI*D 
pushbutton: This Uunh, optntion is re&td - 
to as a -VinJt. V (Th^Krinlft" ftaturt provides 
a long ON ^od and\$ijort 0§J1 period. ) 

1-13. |CaU Direcio:^ or QiH Ojmmander. 
Ai^other muitibutton' phone med txttnshrely 
is the CaU Dire<rtor, -Mad» by tht W^m 
mtiic Company (WECO), It pro^des tile 
same sarices as the 560 series telephone. 
•'I 



Howtw, it wiii acco m q da t t^up to 30 Unas. 

addition of a 598A as shown in figtut 4. Tbe^ 
. 631 may bt txpandtd 'to 3C|^uttpna. The 
Auto' Electric Company makte tquivalent 
let, tht Call Commandtr. Thus, tith'trstt is in( 
. reaUty only a kty ttlephont%ith 3r!26rVnor« ' 
buttons instead of 6. The talking dxouits of - 
«the Ceil Oirtctor se^axf ideatieal to &oae 
used in thev 560 .series .sets. There is a 
difference in the constaructioji'of the switches ' 
operated by t^e pushbuttons, but the job 
they do is the same. • ^ r 

144. Either the CaU Director or CaU' 
Commander can\ be us«i with' the lAl 
. system. When used wilh this syattm if is 
generaUy used by^a recejptinnist who anstf^ 
fil caUs. T!^ system wiU.havt tott^ &jge to 
^ make the use of the CaU Director.economicaL 
'Sometimes, it is .used in combination w^th 
' two or more systems, with onjf' attendant 
answering aU calls and using &e intercom 
feature to distribute - the caUs to thole 
concemfd. Some CaU Qire<<ton .We designed 
to accept- eithe^ two or four wire rfircmts; 
however, wiU npt.have time tot. discuss 
individuaLeets., ^" • 

1-15. tey. telephone ^itt. If you refer 
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Circuit #Ufi» 




CMTivE \ hold 'i^tim on 1^ to ttta UnM with a ^ 



Nfniaiag if don* with flafhihivand wtfilOng ^ 
' \. I«mpt. AI<9, a ouaual imticpm "^euit U 
\ iiidudwi with the pM:&«gt unit. In aiPeion. 

pwkiga/ii^ciudM t insidf wiring 

^!abk that jt^aBninatatVit tha ftminil platt 
d^Mmbly and thtKTUi'. 

l-ie. 'Ndt#: THa.fuU number tor a'packagt 
wouSd ba 2aOG7DC. Tha .7 'discloMt tbt . 
numbar of c«itiai offScr or PBX linai. Tfaa^D 
idantifiaf it u bairinf;a^nint^tion'aial 
idtctxva intaxeommunilating clrcuijt».and the .» 
C dandtaa that tba cahia and.aabla.tarminal 
afii wirKi^to tha unit. • 

I-X7. Othar packa^ unit» wara davalopad ' 
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Fifvra 7. KS-19175 bUirupUr. 

^i^ain to ^figure 1, you can sea ^at the 
incoming central office lines arc comsKted Cb 
an Apparatus' and unit cabinet. This cabinet 
pietecti the key uniu and. pifbaidef a 
mounting which aUowf acceu to the k^y 
-. telephone uniti (Kmif) for muntenance. 
Many different KTUt tre provided anc^each 
ohe has a specific functkin to pezfojam*, that U, 
. it provides the relay appaiftuf needed to 
\ furnish the desired features in the key syttejn/ 
~ Each Unit' has a coded number wiiich 
identifiee the feature - provided by that 
partictdar unit. Units may be combined, as 
tequired, for Mch inatalUtipn. Hndhriduai 
^ urdts that are asiambied and wired at the 
factory— and are ^then . combined. 
, iniei^afiaetad, and pieparid for connection 
to tbe*cable-are known as packiit unit|> The 
fiond ^ to order packaged kay triaphona 
syit^n*: Since many varied servtcei* ^ be 
' reqtieirted, the. padka^ aza milabk in a 
. of siisi and iMtittits, Thus* m can 

hafe oeodbility. One packafa unit is coded u 
the teriea. It' indudp the units t^ 

provide pickup and hold futures on four to 
' nine office Unas, or the pickop and 




COVER BRACKET 
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figim ^ 232B int«cnipt«r uid>eoBtMi usU. 



2un 



.1* 



s 



WMt th» 200G twin PMkaii, *nd p«*ltt«« 

waapUj'i 9j90 MsiM paelttct k rtpluinf th« 
2CX)G Mxiti. You ffluit xwlist that you caa b« 
rHponstblf for obtaining, iut^lUnf* ami 
m dn t it n i n g tht qomponaati of asy of Uwm 
Pi^kafil of ^ compkta paeJtaca unit 

X-18. Wt know, thto, that individual KTU# 
w gpmfamtd to maka a pac](agi. You wiU um 
dittUKxm kx fvasy type of KTU. Sinca tach ' 
' Jypa »wi a siMciflc function, wt wiU not 
Ulustxatt all KTUt that |»ovidt tfaib i^et, 
but only ont or t^o. M a mult, you wiU 
gain tomt fiimiliarity with kay fquipmant* 

(1) Ctntnl otSca or PBX liaa unit Tha 
KTU providii aquipmaat for ona lint. It 
oong^ti of connteting tanninali, itiays, 
ratifying d«¥icat, ' capadtom, and 'rtiistiva 
dfvices (rwiston, thtnniston, or vaastoxs) 
(«Sg. 5) which providf pickup, hold, powtr 
failurs, and visual wparviiion on ctntsal 
office or PBX linai^ NOTE: Althou^ the 
KTUs may be manufacturtd by tw.o or more 



ROTARY STEPPINQ SWITCH 



OHF-NORMAL SWITCH 




STEPPtNG TtMiNG RELAY 

zmcun . ciscuiT network ^ 



MOUNTING apparatus' 



FtfUM^. 207C diti mi»etif iatoeoa 



mahufi^tunxi, whan iChitt ^Kl^t halt th« 

^^aawtjMttob^ 
and MahtiMl ooioectioai. Thaiifwe, any unit 
can nplaot another having the lama 'number. 

' It ii probaUa, though, .that the dkuit 
componcnti art not iate^chai^Mblt^ eves 
though the key unit uu ^ . 

(2) Combined CO or PBX line unit. Thn 
appamtef of thii.KXU inehidai equipment fpr 
more than one line. Tlw exact numba^of linei*^ 
>. dependent on -the 'particulwr unit The 
componente. are exactly like thoea -of the ' 
202D, but multipUld. The 230B KTU ihowh 
in figiue 6 providee foUr linee identical to the 
202D ahoins in figure 5.^ . 

(3) IntatmptK and control unit Thia KTU 
(fig. 7} fum^hw intacmittant zinging, 
timansut and fiaihing and winking lamp 
circuit featuiei for the key system. Figure S 
shows a "2323 unit which, if used in, 
conjtmetion with a 230B, or othsr multiline' 
unitS4 sudi as the 239 ]Cn] which provides 9 
CO lines. . ^ - . 

(4) Dial selective intercom '(207C). 
Selective signaling for up to nine (sini^ewiigit) 
stations connected for intercom is provided 
by this KTU, but only one common talk link, 
however. Figure 9 shows the 207C KTU 
{Not4 the rotary stepping switch which 
enables you to make the selections.^ ^ 

(54 Common equipmnst 
providei common audible . 
iiKoming calls and battery ^fi 
' suppression for a manual intercc 

(8) Power unit. . A variety of^ 
provided by the various powfl 
For example, two different 
required for rsiayi an4 _ 
separate ac outputs are necessary for belh, ' 
buzzed, and lamps. The power unit needed 
for a paxticxUar systeip must be »kcted from 
BeU System Practices orTO 31Wf-10-12..The 
many different type units make it impracticai ' 
for us to discuu individual units at' this time. 

1-X9. It is apparent from the illustrated - 
KTUs that ill- associated units ^pear very 
similar. To iUustrate, the 202D, 230B, 232B, 
and the 207C have the same type of chassis, 
the relays ai^sear |o be the same, the 
caMcitoa are likewise oompanU)le. and' the 
mounting hole spacing is id^ticai. The units 
have to be alike regardiftss of the^ 
manufacturer becfuse each unit is installed oh 
the same mounting ^ficame (i^paflttus « 
mounting)'. Widths vary according to unit. 
have discussed a few KTUs and a sample ^ 
package. However, there are many variationi ^ 
in key ^atems. You must determine the 
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KCCCPTACLE 
ASSfMILY 



KS-1tI7S. LIST 1 ^ .COOSJEN ,SC»^W TO 



INTCIIIIUI»TEII 



RCMOVC INTCKRUFTEII 



Fifttrt 10. 551 A key Mrrk* unit. 



subschher'i a^eds aftd Mltct the appfophatt 
equiprntnt for taeh iodividutl iaftaUAtk>n. 

1-20. Type 1A2 Sty SfwUm, Th» 1A2 
^ftcm providM tb« gi^ fiinctioni m did tb« 
lAl S3rtt«n. You can also ocdardial intncom 
»i a unit ot tha paekaga; 1A2 packacad uaiti . 
an nfasad to u "kay Msm* uniti" (KSUi). 
Th« m^r advaatafia that a 1A2 pacJc^ hu 
ovar tha aaxiier pacinct is ite miniatuxa siza 
and its timplkity wbsa you an iistoting a 
unit to opamtion. Tha XA2 liit* u^t^OOD) Ii 
approsii^ataly 4 inchas hi^ aod 1 inch wida. 
In the lame mantmr, ' tht S^TUi ufad in' 
a s sociat i o n with tfaa 400D art miniaiusizod. 
tt|f Um dreviti asf sstetid on i^uf^n cazds 
and usa tnnsiit^ and piniatuti nlayiV 
firaec, tha eazd is , aasily ' i«mo«ffd and 
'zi^Uacid duduf a tcotihiaahnolinf pcocadi^ 
Atthou^ tha dzcuits and a^tuip'oant an n«w, 
you can s^ usa tha sama luy talaphpnas. 



1-2X. Tht IA2 *kay telaphont «srstain 
(KT$) ftatuns vartous- combinations of 
pn^ind ijiatanu avfdiabit in KSUs and 
pan^. Thast 'packages pannit a wide latitude ' 
in instaUatioii fiaacibiUty. Some packi^ an' 
availabic with Intamiptess, - power uuits, 
connecting blociu, and floozstands. KSUs an 
designed i»imaEiIy fc» small-to-medium size 
1X2 KTS instiOlations; |>attais an designed for 
large or centralized' hutallations.'' Figun 10" 
shows a KSIJ.that protidas 4 CO Unas. 

f One of the most popular KSUs is the 
6tZAS^ whi^ provides 8 O) lines., lias' 

rim is sof&etimes eispanded to 1$ Ham by 
addition of a S14t then xefierred to as a 
fits KSU. To provide intMcom, it,ui ncceisary 
to lac^fke one CO Una. After detemining' 
the specific .needf^ of a subecriber, afcr to TO 
3XW2-10-12 for the appropriate package or 
pan^ Chart I shows XA2 KTUs and their 
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function. This cburt also ihows'unngtmtnt 
of KTUs within tbfl 5X3, 614, and 515 KSUf 
fflentioQfld «aiii«. Tha n^joxity of tA2 kuy 
sSTftcm* inttaibd to dttc could bt built from 
chazt 1; how«v«, •* w# stttad «uii«r, it may 
bf n«cefitty to conntit TO 3lW2<lO«X2. 

1-23. #A Kty Tdephoof System. 
Aithougfa tht 6A kay lyitim is complft« 
.within itMif, it ii uMd with lAl to provide 
inttfcom dtsiy. Th« most <»imaonly uMd 6A 
a misuftctund .by W«ttem Eltctzic, 
how«vtr, Auto Elactric Company makm a 
compaxftbla system which thsy call 16A. Th« 



units cennot be ihtarmixec^. 
Stn>mbezg-Caii«on's SC6A providas th't same 
stzvicM and wiU {Mdily intacmix with 6A« 

1-24. Th« SiatuMif at^ capitbilitiai iviU 
dtffte ftom-^rstam to tyitii& dtptndii^ upon 
th« sttb^qiUMr's naads^ Howmm^ we may 
d«soib« th« avasift 6A syitam as baing azr 
intaicommnnicatioai syitam, used with lAl 
or 1A2, eguipped to providt Z pxivata tUks 
lihkt, sriibtitri ^iiiitiini fcuf l^tiMoh (Mas 
38), camp^n control, and visual mparvision. 
The foUowinf KTUs- would be nquirad to 
malce up this '^avatace'* system: 
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• 524A - CtajMn^ootrqi 

• 2i7A - - - 



• liNE 1-3 



* Many wkiitioiua.tdd^ f«itm«i>n *v«iltblt' * 
iudi'M^add^B <ooim^c, loiig-lint dicuit, 
•te^ whieb w« 4o aol lvRf» t^.to'OiKUM. 
TO 3IW2-10-X2'<S«ezUM« thM^^nltt in detail 
a-2{S. Tht isrtt«k& cooms prawiiwi tot 
IS ftKti&Qt but cid* bt tspudad i 
.ouximum at 36 ftationt. TIU moK ftwuMitly ' ' 
^ uijd paclMgt 13 tbt aoOHlSEtei^whiai , 
nftznd to Mdiw ii, mi "wi^" lyyUm. < 

% m OK no **b«a4inr of 6A i^stcmf^ 
. Ca^v4UtB^,.wt wUi not go into d«MkiI^ • 

* 222A . 2 talk link, .ith POpulKity of iatereomm^mctCioni {s^mwk < 

• 223a . 3 addilioaal itation ,Ctt (3 

• ' 2076 - dial st lective t^aijng - circuit 
(Mu(9St«) 



2« loteAolninuiiicmtioni . 
. 2-1; An interogmmunicatioai iystcm may 



SPEAKER-MfCROpHONE 



ANNgNOAKJRS 

Sgi,£CTOR KEYS 

- PO*ER ^ 
SiiPPtY COPO, 
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. . . , ■ JUNCTION-SOX 
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ie^zib«d m t nttwork of muter ititions 
&ad t«inot«^UtioDt tied tc^fChor by cabU or 

cpmmung^twni. Fifuzi l£ k & block xiii^nun 
oifNi typicil intccommvmiMtibni tytUm. Ai 

'Vou c«a itt, the stations in this figuxt axe, 
connected to pemut -the two muter stains' 
to ^onvesMjprith eac^ other, and'eitber master 

kftation to. talk with ail remote stations 
indivi2luaUy or simoltaneovuiy^ The remote 
statiooa eannot converse with each othef. 

2-2. Almost an^ interoffice*^ 
commtfnfeatiop requirem^t-can be satisfied . 
with iptercommuniratiorf! eqwpment^ if yoth>^ 
Icnow tixe operating capability of the sieU and ■ 
understand the intnconnecting schema. The 
muter stations caa ^ used to select, call, and 
talk to a ntftnber 1 of muter stations and 
- remote stations, " individually or in 
combinations, if they are connected in the 



ssus^ system. These master.st&tioh& are central 
switching points and fuznlah thaii^own power 
u weil u pow« for the remote stations. The 
stmotc ifeitioai (ofteti called slave stations) 
alkrW the-cecep^on azui transmission of voice 
signals; and, ih '^mae casetf operate a visiaal 
signaling device «t the mutar station. The 
equ^Miilcnt nomiaily opomtw on alternating 
cuxTsnt^ however,' you can get equipment that 
operate on directr cuxmti £t is quite possible 
that the units in use at your base were locally 
purchased. Thus, their connections 'and 
features will vary from what we show u a 
representa^e unit (fig. 12).- Likewise, if moie 
than OB^ locally purchased unit is being used, 
fpvL may find ^ 4iff ereiues in them. 
Consequently , it is advisable first to learn the 
operating - and connecting ^nndplea of a 
lystem. Hien you should analyze' the 
Instructions, schematics, and structure of 
thc»e for which you are responsibie. 
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Y£LA^ AQO ft ttttphoQe caller ozigm«t«d ft 
cftB by tusuQg a genentor habdia, lifting a 
>andsat, and raquaitiiig an opaator to make 
the cooneetioQ. After the call was completed, 
the o ri gi n a t i ng party was reqtiired to re-ring 
the operator. Analysis' of this calling 
procedure revealed that time and effort would 
be saved if the, lifted handset would 
automatically indicate to the operator « need 
for assistance, and the restored handset would 
likewise' identify ^e (all as being completed. 
The dial and aoUiitional improvements further 
increased the efficiency of the telephone 
system'. 

2. .We lotfned thipt' a' key system provides 
' greater organi2ationai efficiency. This would 

not be true if the personnel were unable to 
operate the «]uipment The operating 
procedures are not difficult, however, because 
they are Jm^oSmx actions. For instance, you 
lift a telephone haitdset as one of the initial 
actions. 'In addition, you press a pushbutton. 
These two steps are used regardless of'the key 
system. Dialing a nulnber may be a 
subsequent pnx^ure. Of couzse, this last act 
should offer no challenge to you either. 

3. Knowing the' operating procedures is 
not enou^ though. If you are to be 
considered an efficient repairman, you must 
know the principles that pertnit the 
equ^ment to function. Hence, you must 
undezstand what is happening wh«i you liff 
the handset and depress each pushbutton. 
Some results are also familiar because we 
described similar"' effects in the Mriier 
volumes. For example,, in a' previous volume 
was a^description of the vmaltt of your 
removing the telephone handset from its 
cradle switc^i, thus lighting a busy lamp. The 
method by which the lamp is lighted can^vsry, 
however. Of course,, it lights because an 
electric cixctiit is completed. In this ch^ter 
we interpret schematics to find out how 
electrical circuits in a telephone system are 
completed. 



3. Schematics and Their 
Inttrprttation 



-3-1. Since tha 230B is the most common 
CO line unit, we use it for our discussion. This 
same circuit explanation ^irill apply to the 
202P, 238A, 239A KTUs. 

3-2. Since the operation of the.230B fCTU 
controls the operation of ^e'232B; and the 
opmtion of the 232B controls the audible 
and visual si^ul/at the telephone throu^ the 
230B; it is necessary that we discuss the two 
units at the sam»time. 

3-3.' .To trace a circuit on a schematic the 
dzcuit must be complete, from one side of 
the pojvts supply to the other. The positive 
Side df the battery supply is shown on time 
drawings as GROUND: the negative side of 
the b^teiy supply is shown as BATTERY. 
Any circuit tracing must start at one and stop 
at the other. 

3^. In some of the circuits to be traced 
and discussed, the only -known point from 
which to start is the middle of the circuit. In 
this' case you ttace one way, <x te other, to 
find eith» ba^t^ or ground. Having found 
either battery or ground, the circtlit must be 
retraced to the starting point and on, until tiie 
other side of the power supply is' reached.' We 
are establishing continuity only; current flow 
will be cfonsidered as b<^g from negative to 
podtive, wiien continuity has been 
(established. Immediately[following the circuit 
descriptions, you wil! i iiui sequence charts 
and' operational sketchis. You may, while 
r-sding the circuit descriptinn^ refer to the 
opNationai sketches ana si^uence charts for 
voification. | ' . 

3-5 . In the following paxagraphs, the. 
circuits controlling each relay, texd the circuits 
controlled by each relay, of both the 230B 
and 232B KTUs, will be chsdussed and 
analyzed. In the discussion of the circuits, 
each contact will be cov^tM, in turn,-' from 
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.bottom to 1 



. Jttom to top, at they are dxawa in the 
schtmatk erf folcbut I. 



4. lAl Key System Op«stion 

4-1. Foidout' 1 'shows the circuits of the 
230B KTU and the wxsiiif oomiectionf to « 
564HL telephone. Ail of .the circuiti to be 
' .discu*ied h^re nuiy be tkic'ed completely ori 
^ .-this, drawing. The dis&ustien wiU be on only 
'one line cirtu^ of the 230B but th«» are four 
. line circuit* in peallei. Whet appUes to one 
line circuit appUei to each of the other*. The 
• i*me ci^ts exist in the 202D KTU, so these 
t^fciiptions also apply to the 202D. Except 
fflt vety^minor diffcruicet, the same symbols 

J and dMcriptions also apply to the 230A, 
232A,and202CKTUs. 
4-^ With the 230B KTU it is possible to 
have either grounded ringing, or meUllic 
ringing. However, with this type system the 
'Hf^ > to use metallic zinging.. 

Jierefoft, our - disctission here will use 
ifietaliic ringing, Ref^ to foldout 1 whit 
teading the rest of this analysis on the 23oi 
and 232B KTUs. A 
4-3. Incoming CalL Ringing 'current 
t20-cycle ac) is applied to the ring side of the 
line on an incoming call (terminal 8 of the 
230B KTU); ac current flows through the 
. normally closed contacts B4 of the AH relay, 
capacitor R, thermistor R, and the secondary 
winding- of the R relay to the tip side of the 
line on one half of the cycle. During the other 
half cycle, current flow is from the tip side of 
the line (termiiud 7) through diode R over the 
same path as previously described, to the ring 
side of the line. Contacts B4 of' the AHreli^ 
and B9 of the A relay together establish a 
path for current that bypasses the H relay and 
prevents the establishment of a false hold 
condition, which might occ\ir wh«i a number 
of lingers are bridfsd across the station side 
of the line. The 31 7 A varittor Rl protect* the 
400E diode and thermistor R from transient 
cunenti. 

4-4. Thermistor R has a nominal resistance '. 
of about 50,000 ohms. This prevent false 
operation of relay R on disconnects or from 
transient currents. Ringing current increases 
the temperature of the thermistor, which 
reduces the resistance to about 3000 ohms in 
' about one-half second. 

4-5. R relay operation. The one-half cycle- 
of nnging current operates the R relay dosing 
M4, MB, MS, and MIO contact*. 

• M4. The closing of contact* M4 places 
ground on the LK lead, through •the 



secondary winding of the R relay. The LK 
laid may be traced tmm contAetJi 4 to 
contacts 6 of the AH relay, to tenninai 22, to- 
» ^e 232B KTU, terminal .^8, through the 
,K bimetal con^Ate 1 and 2 tu 20 volts battery 
This ciijcuit lo<«ks up the R relay under the 
.control of the AH relay,. the LK iMd and the 
bunetal contact* of «thc 232B KTU. . 

• M6.- The closing of ceatact* M6 operates 
the aud&le signal. Trace from the ^tionaiy 
contacts of M6, tq the left, to terminal 

out through the audible ignai, back to . 
terminal 25, which is strapped to terminal 30 
and the ground side of the' audible tignal 
power supply. Retrace this cii^ back 
through terminals 30. 25, tke-audibk iignal 
and terminal 10, tbfou^ the made contacts 
MS, then to terminal 9 of the'230B«TU and 
out to option "X." Thii jviring WiU go to 
terminal 21 of the 232B,KTU to pin*^ of the 

] interrupter pkg, to contact* 2 of the 
interrupter^ to pins 4 of the plug, to terminal 

• 29 aqd to the "hot" side of the audible signal 
circuit, under the control of the interrupter at 
contacts 2. 

• MS. The closing of contacts MS of the R 
_ relay will actually complete two separate 

cirwuts, one through the heater on the TO 
lelay and the other through the windings of 
the ST relay of the 232B KTU. Trace the first > 
circuit from ground at MS-of the R ^lay, to 
terminal 23 of the 230B, out on the T® lead 
to terminal 36 of the 232B KTU, through the 
112-ohm heater rMistor, throu^ the closed 
contacts 3 and 2 of the TO relay, to 20 Volts 
battery. Current flow in this circuit will cause 
the li2-ofam resistor to become hot §nd this 
'heat will, in a period of about 30 seconds, 
cause the bimetal contacts in the R relay lock 
circuit to open, releasing the R relay, if the 
call has not been adswered in the meantime. 
Now, to trace the sedond circuit involved by 
the closing of contacts MS of the R relay, 
trace through the same teaaiilaia and TO lead 
to terminal 36 of the 232B KTU, through the 
strap to terminal 35 and thjreugfa the windirigs 
of the ST reUy to 20 v|(I&' battery. This will 
operate the ST relay.) The re«ilts of the 
operation of the ST lelty will be covered in a 
later paragraph. ' 

f MIO. The dosing of contacts Mio 
cofnpletM the circuit to light the lamps on the 
telephone. It is recommended that this circuit * 
be traced from the stationary cohtact of MIO, 
up to contacts EBM2 of the "AH relay, over 
the cont«?ts ElS/fSS of the A relay, to terminal 
15 tod 5, out of the L or-lamp lead to the 
telephone, through the lamp, back to the LG 
or lamp ground lead to terminal 6 and lamp ' 
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power supply ground. Having found ground, 
retract the circuit to contacts MlO of the R 
reliy. Froni these now closed contact trtce. 
to terminal 19 of the 230B KTU» out on the ' 
LF lead to terminal 1 of the 232B KTU. ' 
through the str^ to tenninal 2« to pins 10 of 
. the intertupter plug, to contact 4 of the 
intexTupter, to pins 17 of the plug, to terminal 
10 of the 232B KTU to the "hot", side of the 
lamp power supply. 

4*6. If you will review the circuits we have 
just traced, you will find that we have the R 
nelay locked up, th^ audible signal operating 
and . the lapp in the telephone Ut^ «U under 
control of the 232B KTU. If the call is not 
answmd in the 30 seconds that It takes for 
the bimetaa contacts at the TO relay to 
opentr. the' R relay will release and 
everything will go back to normal. 

4-7, ST relay. Now, return to the ST relay. 
The operation of the ST relay will clo^e 
contacts % and 2 both above and below the 
relay. They are in parallel and are connected 
directly to terminal 26 and the ''hot'' side of 
the 10 volts, 60h:{» ac 'of the power supply. 
(Until the entire C/OC is revised, cps will be 
used, for Hertz.). From these now closed 
contacts, trace to pins 2 of ^he plug, throu^ 
the motor (M) to pins 1 of the pli^ to 
tenninal 27 and the ground side of 10 volts 
ac. This will start the interrupter motor 
operating. To show what the opeieation of the 
motor will do, each set of contacts will be 
described in detail, from contact 1 down to 
contact 8. All contacts are shown on the 
drawing in their starting or normal position. 
1^ 4-8. Interrupter operations, 
/ • wontact 1. This ^ contact closes 
approximately 0.25 .^on'd after the initial 
opwation of the ST relay. When closed, it 
complet^ an operating path for the 
interruptA motor M. This will cause the 
motor to continue to operate when the ST 
relay is released until it returns to its normal 
or starting position. In other words, th^ 
motor always returns to the point where ail 
contacts are in the position shown in the 
drawing. ^ ^ 

• Contact 2. This contact wtQ furnish an 
interrupted signal voltage to operate any 
audible signal connected to line circuits of the 
230B KTU that have the R relay operated. 
NOTE: One unusual feature of the audible 
signal obtained under the control of the 
interrupter is that the signal does not follow 
the int^TUption frequency of the central 
office ringing signal but is completely 
independent of the central office after the 
motor has started. 
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• Contacts 4 and 5. These two seu ^of 
contacts control the flashing lamps that 
indicia «n ixicomii^l sall» Tluy optotte at a 
frequency of approximately 0.5 second on 
and p.5 sS!6Md oU and will flash the lights 
connected t^ X^e line^ circuit that has the R 
relay operated tin the 230B KTU* Each 
cont^t, 4 and 5, actually a pair of contacts, 
eaeh 'C&pable of Vanryin^ a current of 2.5 
amperes. With four.contKti, this gives a total 
lamp load of apprtu^imately 10 amperes. This 
gives eitoiigh ci^Mcity^ to care for the entire 
needs of all lamp circuits in a .6 A key system 
with lip to 36 stations. The lamp circuit 
traced in the nreceding paragraphs ii, 
connected to co. ^t 4A, so any lamps 
connected to that particular R relay axe now 
flashing. 

e Contacta 7 and S. These contacts control 
the station lamp wink circuit indicating a hold 
condition on the line. The frequency of 
operation is a^pro^dmateiy 0.475 second on 
and approxim^iy O.025 second off. The 
contacts are irranged like contacts 4 and 5 
with two actual contacts each, rated at about 
2.5 amperes per contact. 

4-9. Answering an Incoming CalL To 
answer an incoming call at a key telephone, 
the button with the flashing light is depressed 
and the handset picked up. The immediate 
noticeable effect is the stopping of the 
flashing light and <the audible sipial; and you 
find that you can answer the call and carry on 
the conversation. The light under the button 
is burning steadily now. But in order to know 
just what has happened in the system, it will 
be necessary to trace the circuits and 
operations of the various relays. 

• (1) A relay ^ operation. A chain of 
operations is started by the A*A1 or contiol 
circuit. The hookswitch of the telephone 
.completes this circuit, which can be traced 
from tetminal 4 of the; 230B KTU (whk:h is 
connected to ground) through the Al lead to 
the telephone, through the h99kswi;tch and 
back to the KTU on ^e A lead to terminal 3, 
then through the coil of the A relay to 20 
volts battery. This o{^rates the A relay ^ which 
breaks contact anfi lower contacts EBMll, 
S, and 12; it simultaneously makes contact 
MlO and upper contacts EBMll, 8, and 12. 

• EBMll. ^The tnaking of the upper 
contact of EsMll makes connection to 20 
volts battery and win operate the AH relay. 

• MlO. MlO contapt is not used under 
normal conditions. 

• EBM8. The making of the upper contact 
of EBM8 connects lanyi battery directly from * 
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29 (or 28) to the lamp in the 
telephone, causing It to bum steadily. At the 
same time, the breaking of the lower contaGta 
opens the cir^t that war fiaihing the tamp. 

e B9. The bretidng of contact B9 opens 
the circvut that allowed the sing side of the 
ine to bypass the H relay under power Ssilure 
conditions. • 

e EBM12. The breaking of the lower 
contacts EBMI2 op«u a circuit that would 
carry the "ring'' of the linf through the H 
relay, while the now closed upper contacts 
again provide a bypvs around the H relay. 

NOTE: The above operation of the A relay 
has operated the ^ AH relay, stopped the 
flashing lights but turned them on stegdjr, and . 
chfingtd the bypass path around the H rdqy 
for the ••ring" of the line. 

(2) AH relay. The operation of the Aii 
relay wiU open contact B5, close contact Ml, 
open the lower and close the upper contacts 
EBM2^ and open the upper contacts EBM2, 
and open contact B4« 

e B5. Breaking contact B5 opens the LK 
or lock circuit for the R relay. This vriU allow 
the R relay to release and open the laI^p 
flashing circuit, open the TO l«ad, which will* 
stop the heater of thy lime-out circuit, and* 
release . the ^ ST relay in the 232B*. KTU, . 
allowing the motor t9 stop when it retiims to 
its normal position. 

e Ml. Closing of contact Ml will operate^ 
the to relay o^ the 232B KTU, This circuit 
may be traced from the ground at contact Ml 
to terminal 24, out on the > CO lead to 
terminal 3.7 of tiu6 232B, through the coil of 
the TO relay to 20 volts battery. The 
operation of the TO relay places another open 
in the TO lead. As the AH relay is in each line - 
circuit of the wstem, thai whenever there is a 
line in use in »e system, the TO relay will be 
operated andiChe heater circuit will be open. 
This stops m time-ouA operation when the 
system is infuse, 

e EBM2. The operation of EBM2 contact 
opens the iaxpp flashing circuit and ,at the 
same time makes ready a circuit for the lamp 
wink* As the lamp wink circuit is used only 
When a line is being held, this circuit will be 
discussed then, ^ 

e B4. The opening of the B4 contacts 
removes the R relay and its operating circuit 
from the line so there will be no transmission 
losses through it. 

0 

4*10. Talking circuit With the A<and the 
AH relays operated as described above, there 
is a direct talking path through the unit, 
under the control of the A relay, which -is in 



turn conteoUed by the A and Al circuit and 
the telephone hQqkswitch* This talking circuit ^ 
may tiaced, starting at the tip of tei^'""'^^ 
incoming line at terminal 7, directly to 
terminal 1, through the cord aAd telephone, 
bafik, on the ring of the cord to terminal 2i» 
through the now closed upper contacts 
EBM12 of the A relay to terminal S and the 
ring side of the incoming line. 

4-11. Holding. If it is desired to hQUka line * 
while another line is in use, the HOLD Q||;ton 
x>n the telephone is pressed do^. This ^tion 
will open th# A and Al (conraiji) circuit at 
the telephone and rdease the ASelay. The 
handset is still ''off hock" so the T 4 R is still 
complete. The release .of the A relay , will 
allow al( its contacts to return to their nom^C 
position. The. release of contacts ^BM12 " 
removes th^ t^ass around the H relay. 
Current from the central office now passes., 
through the H relay and will operate. 

(1) H relay operation. The operation of 
the H relay will .close its contacts MS, MS, and 

M4. . ^ ' ^ : 

e MS- The dosing of contact' MS, will 
complete a cifcuit from th^ tip of the line 
throui^ the coil of the H relay to the ring of 
-jlheUne, through the lower* now closed, 
contact EBM12 of the ,A relay. The 
mechanical release of the line button on the 
telephone set by the hold button removes 
the telephone tfom the line and the H relay is 
now l<K:ked *i^^/s the line by its own 
contacts. This*&^a ISO-ohm resistance short 
on the line ana fioids up the central office 
equipment. I 

• M6. The closing of the M6 contacts picks 
up the 20-volt battery and through the now 
closed lower contact EBMll of the. A relay 
holds the AH relay operatedJJhe AH nelay is 
slowHrelease and remains of^^ted during the 
time between the release o/ the A relay and , 
the operation of the H relay. 

e M4. The closing of the M4 contact 
completes ^ cinruit from the ground at M4 to 
terminal 21, out on the HA lead to terminal 
35 of the 232B KTU and then throu^ the 
coil of .the ST relay to battery. This operates 
the ST relay and starts the mtertUpter motpr. 

(2) Lan^ps. The lamp for the held line will 
now **wink.'' This is done under the centrol 
of the AH relay and the interrupter motor of 
the 232B KTU through the LW lead and 
circuit. To txace the LW or lamp wink circuit, 
start at terminal 6 of the 230B KTU^ which is ' 
lamp ground (LG), out throufi^ the LG lead 
to the telephone, through the lamp and back 
to the KTU on the L lead to . terminal 5. 
through the now made low^^r contacts^ of 
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EWSIS of th« A relay, through operated upper 

contacts of tt» AH relay, to terminal 

, 2Qr out on the LW lead to tenninal II of t^e 

232B jKTtl to plug pins 12. contact 7B, to 
'2 pirn 14. to tenninal 19, to terminal 9 and 

lamp battery. The winldnf will continue imtil 
^ the Une.il again picked up. 

NOTE: P! icing a cail ' it the same as 

answering except the "R" relay is not 

operated. Therefore, we will not make an 
analy^s of piacing.a call. 

4-12. Ppwer^ Failure. Operation of a 
telephone in the system for outgoing calls, 
during a period of power failure at the luer's 

. location, will seemin^y be normal escept that 
there will bef no. lights on the telcp»ine. lliia 

. ciz<cuit,may be traced, with the draiit in its 
normal, unopercted condition, as it is drawn. 
Trace "^(fcom terminal 7 of the 230B KTU, 
•through the .of the telephone and back 

, to tenninal 2 of the KTU, throu^ th> 
, normally closed contacts B9 of the A relay 
and B4 of this AH.relay, and to. the ring side 
of the line. Duiiiig power failure conditions, 
no incoming caUs will be received imless a 
ringer has been bridged on the line. 

4-13. Dial Selective Inte^om. Th? 2070 
KTU is a nine-station^, 'dial selective 
intercommunica^n. unk. It will seltet and 
signal any one o; ^e stations by means of a 
step switch," controlled by xhe ,dial at the 
telephone. It has but one talking "cinniit that 
is common to all stations; therefore, only one 
conversation ■ is Jjos^ble at one' time. The 
207C is completely independent in operation 
■from any other unit in the lAl key system. 
(In later Bell System Practices, the 207C is 
frequently referred to as "Selector only, 6 A 
equipment." Here we are includUig It as a part 
of -the lAl-^key system, but it should be 
thou^t of as a completely independent part 
of that system.) 

14-14. The circuils of the 205LC KTU are 
VI own in foidout 2. In our discuuion liere, we 
use only that part of/ the complete circuitry 
that is needed for the nine-station system. In 
the following paragraphs we explain in detail 
how the circuits and relays operate. Follow 
the circuits throu^ th'e schematic as you 
rea^; take your time and become completely 
familiar with the circuit and its operation. 

NOTE: Remember, there is otily one talk 
circuit and all telephones are connected across 
ring and tip as on a party line. Ring and^tip 
connections are shown at terminals IB and 
2B. 

4-13. All "^ttery and other power must be 
brou^t to the unit, either^by^ strapping it 
from bther KTUs in the system or direct from 
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the power unit. On the schematic shown i^^ 
foidout, 2 the dc voltage* ntctwy art shown 
conl^tatd to tanninals at t&< lower left-hand 
side of the drawing. Talk or **A*' battery is 
connected to 9B and "A" ground to terpainal - 
lOB. Signal or "B" battery ii connected to 
terminal 19B and "B" ground to terminal 
20B. All |rottndi af*to be strapped together 
at the powecplant. 

4-X6.' Lamp grpund and singer or buzzer 
supply ground are shown .connected to 
tetzninals 30B 'and 40^, respectively, on the 
'right-^iand side of |he drawing. Lamp power is 
^own connected to terminal 29B and ringing 
power to 396,' both on, the left-hand side of 
the drawing. Lamp sapply is usually lO-volt, 
60-cycle ac. Ringing powa could be 18 volts 
ac for buzzers or 106 volts ac for regular bells. 
We ynil assume that regular bells are to be 
used. 

4-17. In ihe^^previous KTUs that we have 
dKcussed, each' relay jsperated^* more or less 
independently of the others. In the 207C 
KTU there is ^much more interdependence 
because no relay is able .to do very much by 
itsell{ It requires all of them working together 
to do the job. \ 

4-18. We ape going to assume that it is 
desired to place a ca^ to station 9 from some 
9^er station. To sei2% the line, the handset is 
'picked up, allow^g the hookswitch to dose, 
and completing ring and tip through the 
telephone. Battery will be present, so sidetone 
will be heard. (There is no dial tone.) The 
circuit completed by hfting the. handset may 
' be traced, starting from /i battery at terminal 
9B, through one winding of .the A relay, to 
^ terminal 2B, out ori the rihg of the line, 
throu^ the t^ephone, back On the tip of the 
line to terminal IB, to the other winding of 
the A relay, and, through that winding to 
pound at terminal lOB. Current flowing 
through the two wjndinp of the A relay will 
* cause it to operate, closing its contact M6, 
and at the same time opening contact BIO. 
The dosii^(|^f contact M6 places a ground on 
•a lead that' goes directly to the windinp of 
the Bi^lay and to 'battery and causes the B 
relay to operate. This $ame ground is also 
carried on a parallel circuit throu^i the 
47-ohm resistor to the A2 capacitor (25MF) 
of the KS-16171 networ c.This will equalize 
the charge on this capacit ot as the other plate 
is connected to battery. The ground plate is 
char^ positt^Q and the battery plate is 
charged negative: the two charges arfe'^qual. 
so- no s:tion takes place at this time, y 

(1) B relay. The B relay will operatfe all of 
the contacts shown above the relay, closing 
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Uic onM showTi op^^s^d opening ot^f shown 
' clos«i.^iSt^ conoct will b« cov^d if it 
*erveiapu$o# ^ 

• Contaft ^12. This contiu^ m«iJr ready a 
circuit CO ftunish tm|ing power thrdligh the 
selector to ring the telephone selected. 

• Contact M4. This contact makes jready a 
circuit to rtle«e the step switch'. ' - 

• Contact Ml. Complete* ^e circuit to 
light the busy lamp on the telephone. 

• Contact EMB8. Makes reac^y a circuit to 
feed the pulses from the' A relay to the selector . ^ 
when the dial is operated; also makeis ready a . 
circuit that will operate the C- relay. isn the * 
first of these dial pulses. Digit 1 is not used, ' 
only 2 through 0 may be selected. 

;{4.19. We have seized the unit &d lit the 
lamp at all station^. Line seizure is Qprpplete.. 
The next step in placing a call isuthe dialing of . 
the digit assigned to the telephone we wish' to' * 
call. We are attempting to call station n\iisber 
9, so we dial the digit 9. The pulse springs of * 
the telephone dial will open the telephone 
circuit nine times during the operation of the 
dial. The A rels^ of the 207G. wilT follow 
those pulses and release and reoperate nine 
times. With the first dial pulse, the A relay' 
will release, opening contact M6 and closing > 
contact BIO. ^ , 

4-20. The removal of the ground at 
contact MS of the A relay opens the opei^ting * 
circuit of the B relay. Tlia would normally 
cause the B relay to release, but the ca^sacitor 
A2 of the KS-16171 network was' in a * 
balanced condition as .long as the ground was 
connected at contact M6. With the owning of 
the contact M6, this is no longer tme.^The 
capacitor is h^w connected so that the^side 
that was positive is. now connected through ' 
the windhigs of the B relay • to degative - ^ 
battery. Therefore, the plate that was 
positively charged will become" negative. ^I'his 
discharge of the capacitor will cause endu^ 
current flow throu^ the 47 ohm re»stor and 
the B relay windings to hold it operated * 
during the period of time that its o'peratin|^^ 
circuit is opened by the release of the A relay. * 
r This slow release 'of the B relay will cause aH 
I of the circuits controlled by the B relay to 
Ns^main in the condition d«cnbed under 
operation of the B relay. The closing of 
contact BIO of th< A relay will complete a ' 
circuit from the ground at BIO of the A relay * 
through the closed upp^ contacts EM£is of 
the B relay and up to the rotary magnet to 
. step the selector one time. At the same time a 
parallel circuit from contact EMB8 of the B 
relay will cause the C relay to operate. 
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(2) C relay. Contaci^ M6 closet , a 
completely local circuit which will mailie the 
C relay stow to ftleti*. \Vhfn thf C relay 
opttmt^ circuit is bco^a by the action of 
the A < relays an - inductive kick ficom the 
primary winding of the C relay will induce a 
voltage 'into the secondary) winding, 
completed through contact MS, which will''' 
cauae enough current to flow to hold the C 
relay operated duxinf tlfe dia^pulse. 

• Contact M4 complete a circuit to' 
ope^te the T relay. 

• Contact B5 . will open the circuit 
supplying 105 volts ringing cunant fof the 
ringiDg of the palled telephone. Opening the 
circuit at this tune' and place prev^ts false 
ring!. - 

• Cont^t B9 olaces an open in the circuit 
that wiU finally' release the step switch 
•.NOTfi: The c(nly actual complete operation 
that took placrwi?h the operation 'of the C 
relay was the dpeiation'°of the T relay. But 
the C relay did take over control of the 
ringixig circuit and o% the step switch release 
circuit. ' 

(3) T relay. The operation of the T relay 
will operate all of its contacts as shown above 
it. Only four of these are of any interest to us, 
the others not even being wired. 

f • Contact \W. The clqsing of th'is contact 
completes^ circuit that arthis time is parallel 
with the bperatirjg' circuit of the T relay. This 
ciriiuit will charge capacitor Al of t*-*?, 
KS-16171 network and- will later make ti ..' 1 
relay very slow to release. 
- • Contact M2. This contact prepares the 
ringing circuit' for the called telephone; a 
circuit that is now held open by contact B5 of 
■ the C relay. ' t* - 

• djntact 5,MB6, This contact places, the 
rere&se of the'^Titep switch under the hnal 
coktf^l of the^* reky. This circmt is also held 
open hy the C relay., but the T relay will 
^lei^^ muth sio^rer thgn the C and so will ' 
have Iflal control of the circuit. 

. (4): ON (OFF-NOilMAL S^VTTCH). This 
s <vitch, ^own at the' tbp ri^t-4i&;id side of the 
drawinft^is mechanically operated and it *is 
held open, a!^ shown,~TSy»^i pawl on the end of 
the step switch le^|fr. As soon as the step 
Switch ^oved. £rom 4ts normal position, the 
ON switc^ operated! and cflosed its contacts 1- 
and 2; and 3 ^d 4^ openin^eontacts 4 and 5. 
This switch WiU reihain in this position until 
the stec s^itc)^ agkin rettums to its normal, at 
rest, pmition. ' ' > 

4-2l! The otherieight pulses of the dial (we 
are dialing station 9) will cause the A reiasjjo 
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Ftguit X3. PcMiavt btt tor QV ON eouiitioa. 

leleaw and r«opezkte in with tht dial. 
Each ttieaw o! th« A relay.^ place a ground 
the iMd that opantM tht rotary magnet, 
whwh caxue the itep iwitch to tapv one 
step. At the Qomi^on of tfaeVMioe puUes, 
the gtep switich wiU be dn-contsctHipd the A 
' reUy will again anumejti operated position. 
Thia AviU reeneigiz^ the B relay, which was 
held operated by its owir. slo^-toirelease 
drxniit, and hold it operated c^mng the rest of 
the time that she telephone is on the line. The 
A relay, being operated* openaN:ontact BIO 
which removes the ground that operated the 
C 'relay. The C relay will ffelease, after^ slight 
delay. Th4 release of the^C relay will allow its 
contact M4 to open, and contacts B5, B7, and 
B9 to close. Contact B5 will complete a 
circuit ^t provides a path for 105V ac ' 
ringing current &om terzninal 39B, through 
conUfiJs M2 of the. B relay,- through the ^ of 
the C relay, throu^ M2 of the. T relay, to^the ' 
contacts of the step switch" to contact 9 and 
terminal 19 A, out through the R leafi to the 
telephone bell and bat^ from the bell to nii^ 
ground at terminal 36B, 37B, 3S&, or 4pB. 
This completed ciroxit will ring the bell at the 
telephone s long as the step swtlfch stays oit 
contact 9 and T relay staye operated. * , 

4*22. When ' the C relay released and 
opened contact M4, the oi^rating circuit for 
the T relay became open. With this contact 
open, capacitor Al of the KS-1|X71 |etwork 
is now connected directly across the windings 
of the T rday, through the 4^-ohm resistor 
and contact Ml of the T relay. This capacitor 
has a ca{;acitance of 600 MFD and is fully ' ' 
charged. It now begins to discharge tHAjugh 
the 47-ohm resi^r and the windings of the T 
relay to keep the relay operated for about m 
seconds, duritag which tim6 the telephone will 
ring at the ||ltion call^. When the Al 
capacitor can noNt^er hold the T relay 
operated, the relay \«|^ release and $tdp the« 
ringing. . ; ^ ^ 

4^23. .When the "J relay releases at the en* 
of the IV^-second time-delay p«io'd, it will 
allow contacts Ml, U2, and M4 to open and 
'contact EMB6 to close. 

• Con.ict Ml opens the time-delay circuit 
for the T relay. ^ 19 



• Contact M2 opms the circuit diat was 
supplying Hnging cumnt'tc^ the telephone. 

• Oifl^t £M86 closiag completes a 
circmt for the opefation of the. release 
magnet To trace this circuit, st^ at tire 
ground on contact M6 of the A relay, through^ 

-the now closed contact M6 to contact M4 of 
the B, relay, now closed, through contact B9 
of the C relay, ak) closed, through contact 
EMB6 of the T relay, which has just closed, to 
contact! 1 and 2 of the ON switch, held 
closed by the step switch, and to the release 
magnet, to -battery. This circuit will operate 
the zeleaM magnet and' release the step switch, 
which, being spring loaded, will return to its' 
normal position. Tht step switch, returning to 
its normal p<»ition will open the ON s%vitch, 
opening the release magnet circuit. NOTE: 
The t^ephone has been rung one time, for a 
period of about 1^ seconds. If the party does 
not answer, it will be necessary to redial i;he 
number to ring the bell again. 

4-24. Only the % and B nslays are now 
operated. They will contfajue to be operated 
until both parties hang up at the end of the 
conversation. 



5. 1A2 Key System Operation 

5-1. We saw that the lAl key system 
provided signaling, holding, supervision, and 
talking features for an organization. The 1A2 
key system also provides all these features. 
However, the circuits consist of devices that 
differ greatly from those used with the lAl. 
Therefore, we think it important that we 
describe some of the circuit tracing variations. 
5-2. Since the 1A2 system is transistorized, 
' we have included operational sketch« along 
voth the;^i|Cuit description. As you read rhe 
cifcuit daicription, you will find figures 13 
throu^ ^5 helpful in understanding the 
individual circuits. You* should then locate 
th^ circtiits on figure 26, which is a 
comiJIete schematic drawing of the 400D 
^TU, the most commonly used CO line unit. 
* We will begin our explanation bjTanalyzing 
- the circuit while ^ idle. In the idle circuit 
condition, all relays are in the unoperated 
state, and transistosrs Q2 and Q3 are o^. Ql is 
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Figun 15.' CTjP dbazfi&c circuit 



on- AU. TRANSISTORS ARE OF THEtfP* 
<»TYP£. Since the 400D is the mott commdoly 
used CO line unit« we diwuis HLm ciicuitxy in 
detaiL Refer to the.opentidnil sketches and 
figufe 26 as you the circuit .desoiption. 

J -3. Titissistor Q.1 is h^d on by pJ^tive 
«nt suppUed to its fa^e l^unu^ the 
resistor network formed by KTl, RT2. R4, 
RS R16. Rll, and the B and C relay coils. 
Figure 13 shows this bias cixcmt. ' 

5-4. Incoming Signal. Ringing voltage is 
usually applied acrcss the line with the tip 
side of the line grounded. (The actual circuit 
operation will be the same if the ringing 
voltage is applied across the line witii the rixig 
side of the line grounded.) Ringing ctuzent 
flows throu^ the series connected pximary 
and secondary of the L relay, resistor R2 and 
capacitor C3, causing' the L, relay to operate 
oh each haif-cycie of ringing current. Figure^ 
14 shows this circuit. Ringing current also 
flows throu^ C2 and RIS (C5 and R17 if thi 
ring side of the line is grounded) to terminal 2 
of Zener diode CRS. 

5-5. The negative (- ) side of capacitor CT-. 
is normally maintained at about -. 16 volts. 
Negative half-cycles of ringing current cause 
CRS to condxict in the forward or normal 
direction so that terminal 2 of CRS is at 
about - 24.5 volta and the - (negative) side of 
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CT chargf* toward - 24 volts. Figure 15 shows 
this operi^on. 

F(»itive half-cycles of rixiging current 
cause CR8 to break down so that temfinftl 2. 
ofCRS is "at about, d volts. The - (ne|Bi|r«) 
side of CT is somevhere between -16 and 
-IS volts, ko CR6 is revtrse biased and CT 
doer not charge. However. CT do« discharge 
through the resi3tol^ network formed by RTl,- 
RT2, R8, Rll, R16, and the B and C relay 
coiis. The charge lost by. CT during this 
I^sitive half-cycle is much leu than Hh4t 
gained during -the negative half«cycle. Thfese 
dtfchazge paths axe shQwn in figure 16. 

5-7. As the charg^st by GT is much less 
during the positive hi^vycle 1ti!an the charge 
built up during the iiegative half-cycle, ^.he 
charge on the - side of CT'will gradually build 
up on> the ringing current. After about 1/2 
second, a . si^fficiant number of cycles of 
ringing will have been received to charge CT 
to about - IS volts. This is equal, but opposite 
to, the base voltage applied to Ql transistor, 
and it will stop conducting. When Ql stp^ 
conducting, its collector voltage rises, raising 
the positive voitage'applied to the base of Q2) 
and Q2 starts conducting. With Q2 
conducting, Zener diode CRT* breaks down 
and Q3 starts, conducting, operating the B 
leiay: Figure 17 shows the of^tion of the B 
relay. Find tbes^ circuits ^in figure 26. Note: 
Relay C does not opiate at 'this time since 
resistor Rll limits the cumtfL through its 
winding to less than its operate value. \ 

5-S. Relay B operated connects ffobi^d to 
the ST lead, th^^L ^ad to the LF lead, and 
the interrupted (optio^ W) or steady (option 
T) ringing current, or ^und* (option V) "Xo 
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the RC lead for audible signal cbntroL 
Transistor Ql remains aff and Q2 and Q3 
remain on until the is ansvrand or timed 
out. Now, levicw the sequence in figure 18. 

5-9. Time-Oik, At the instant Ql turns off, 
the voltage at the - ^e of CT is about - IS 
voits-. WheiL the B relly operates, the voltage 
divider formed by re^rs R14 and R15 is 
switched into the circuit, and ti^e voltage at 
the ^ side of CT dzops fh}m 0 volts to about 
-6' volt*. Gonseqi^tly, the - iide of CT 
drops firbm - IS to about - 24 volts. 

5-10«, On subsequent pdsitive half-cydes oi 
ringing. CR6 will be reverse bsued as before. 
Operation of relay B caused terminaT 1 of 
C.R5 to be connected to -24 voits throu^ 
wtor SS, {nnsistor Q3, and^diode GI14. 
Tpninai 2 of CR5 is connecte^b the base of 
QK, -^hKSh ii at about -24 volts, so CRl5 does 
aotoondt^. 

S-ll. The diKfaarge path for CT is thus 
.only through neistors RTl and RT2 to^ 
ground. On.-net^ve haif<ycles of ringing,' 
CR6 will conduct slightly , to restore the 
dukrge lost by CT during the previous positive 
Half-cycle. In this way, the charge on CT, 
wfiich determines the duration of the 
time-out, zemains constant once the drcuxt 




hat opmttd, ngudiaM of the duzatioir Qf tba 
fiinfiaibuiii 

&*l^Whefi the first burst of dnging W 
OMMdt the • side of-CT b^ina to chaafK 
towiKds ground through RTl and RtT. 
. Tkiniktor Ql wains off until the voUagt at 
the - end of Cr |«iches - 18 ^lU, at which 
time Ql pma on apd its collector voltage 
drape. This causw Q2, CR7, and QS to turn 
* off and nlxy B to ilSeleate, ahd the «irpiit is 
returned to normal The time required for tho 
B relay 'to itieMt aftttr a bunt of ringing or 
after a call has be«i abandoned is 
approximately 30 seconds. 
■ 5-ld. TWOut of Ringup Circuit (Z 
Option). This inanfftanant functions in a 
mannar sioilas to that deeerfbM above with'' 
the exMption that RT? is short dkctiited. 
This lowizt the resistance thzbui^ which 
capaoitor CT dischargee and results in a 
shortur tim^vut • 

5-14. On incoming calls w4ez« one burst of 
nnging is received, as with* manual rin^ng 
from a PBX board, ' the . time-out is 
' ^proximately 11 seconds. Subsequent bursts 
^f ringing received before the B relay releases 
will reset the timeout circuit, to 
approxinlately 10 secoilds. Incoming calls, 
si^uled by miu:hine ringing, will time out in 
proximately 10 seconds after the call is 
abandoned by the calling party. ' 
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5-15. Answering. An. incoming ctU is ' 
answered by operating the PICKUP key witH , 
the flashin^g light and picking ^p the handset 
The station is then connected aeix»i the line • 
through the hookiwitch and key contacts and 
ringing is tripped at the central office. Qround 
i» connected to the A lead through the 
hookswitcfa and key. -^contacts cauidng the 
-operation of the A relay. 

U) Relay A, operated. . ^lakesy the 
rouowlng circuit changes: ^ 

• Contact 3 makes, shunting the 1-3 
winding of the L relay to piwvent it from' 
operating on line current. 

• Connects -24 voltato the winding of the 
C relay causing its operation (contact 4). 

(2) Relay C operated: 

i 22 



Disconn^ts the - end of CT fron the 
base circuit of Ql 'and connects resistor R6 
across Cl^s^sing it to discharge (contact 5). 
Transistor Qrs-tutnt on immediately causing 
Q2 and Q3-t^j^m off and release relay 6. ' 

• Remc^^the center tap of the riagup 
bridge from the rest of the circuit, thereby 
preventing the intooduction of noise into the 
taUcing^tircuit ( contact .4), 

^ DiaconnectatfaeJ«:ondaiy pf the L relay 
(contact 6), ^ * 

• OpenAthe RC lead to discontinue rineina 
(contacts). . ' *^ * 

. (3) Relay A and C together: ' ^ 

• Establish the taUdng path from the 
telephone to the ceitrai office through the 
KTU dieuit, and coiftiect the 10-volt ac to 
the light in the telephone for a steady busy 
liihi. IMew the sequence in, figure 19, 
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NOTE: The procsdure for making an 
outgoing call is the same is that for answering 
a cidl except that tzaQsisto|i Q2 tad Q3 are 
nonaally off and relay Bis nl ei w e d . * 

5-16. HoldM;. A busy fine is h^ by 
operating the HOIi) key on the telephone. 
When the HOLD key is depzeiued, ground is 
disconnected from the A rtiay muing tiie A 
relay to reksse. The A n^y. contact, whkh is 
shtinting the L rei^r ptimazy, opensi and since 



^« station hat Jiot y«t diiconnectad flroQi tl»e 
Una, tlK, % rataf Qpatatai on Um emmt 
flfuza w ihowi a sketch of the L 'i«lay 
opitatie dicttit. 

S*17. Optati^ of tha L relay cauiei the 
bate cicettit o| QX to be eeanictad through 
naistor E3, diode Ca6, and the opented C 
nUy contact to -24 vottt. The voltage at 
tarainal 3 of - the t e^ay contact dnpe to 
nwuly - 24 volts. This will cause Ql to turn 
off, and Q2 and to turn on. Figuse 21 
ihows the^eimiit for the negative bias %o turn 
Ql off. . 

5-18. Q3 will hire turned' on about 3 
mlllisernnrii after salasp A n! eases, and a hold 
patii is thax^' proiridad for rilay C through ' 
SXl. Q3, ahd CB4 to - 24 volta. See fifurr22 
for a sketch of this dzcuit. Q3 o|»enting also 
provides an operate p4i^ for the relay B. 

5-19. Rela^^ aid C operated cbnnect the 
hold resistor &1 in .series with the primary of 
the L zilay acrosi the line. Thig provides the 
loop to hoid the central office etpi^ment See 
figure 23 for a aketch of this drcuit in the 
KTU, then snalyzc t^e sequence- chart in 
figure 24.'- In addition, ^ B and C relays 
connect the l6 lead, to the ST Ittd, and 
connect the L lead to the LW lead (Y option) 
or to lOVAC (X option). When the HOLD 
key is released, the station js disconnected 
from the line. Line cuoent tbx^High the L 
relay and Rl maintains the ciicuit^in the hold 
ftate. T ' 

5-20. Release of the H<^«&ig Bridiie. Any 
station of the key systetr that seizes the line 
by operating the associated PICKUP key and 
going off^ook will cause the A relay to 
operate ami shunt the primary of the L relay, 
which Meases. Transistor QX thei\ turns on 
and Q2 and Q3 turn off, releasing the B relay. 
Relay C i« held operated by the A relay. The 
circuit ii ti^u rest«red^ to tiie bMxs state. 

: 5-2X. When all st|itions hang up, the AX 
lead is disconnected from tibe A lead allowing 
the A rslay to raleaise. Release of th i A relay 
opens the holding path for the C relay which 
in turn rtieases. QX turns on syad Q2 aod' Q3 
turn off. ' Hie circuit is • again in the Idle 
condition, reacfy to accept another call. 



R c R reu- T T . 

" l--0-h-(IiMe-©--€H|p°o ^ 

• i-4000 H -"MOODH 



23^ 



«• rr tt If M IS ft u le f f r 



t 



t 



Mi 



If 



s mr 



U00O 



es m 



(Hi 

ftPM CI 



A cm Rs 



flli 

rWNA- 



w 



■^1; — 



rs 
sev 



I « X I < 



AA A A ▲ A ▲ A A A A A. A 




ttOON 



2^ »y» ^I'cj 



• .14 



?3 




.1 

2 

7m 



ripu* 28. 400O KTV^ ' 

24 217 



1' 



4000 ICTIK 



I 



us' 

-9- 
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' 5*22. Duiinc pfxiodi wh«a tht locii power 
supply if inoptttt^t iMcsuM of pom fulur*. 
it if ftiU^poiiiblc to mikk u dutcoiaff>esU. 
WtMh Che hookfwiteh if doMd tod the 
"Pickup Ixittoo xi opented,' the coimijetioii 
CO the line ii metaiU^, if thoma in figutt 25.r 
BothvWindihp of' L relay an eoo^eted ia 
sehet with R2.aod €3 •eroif th»i^< but thif 
htf a cei^ifibto eiSect on the eoovexsatioa. Ko 
incomini caUf will be ii|nal«l unleff zingkn 
ue bfidfed acroef .the. hne. Ligiiti and' 
(^mm^n audible- figDalf will be is^perative. 
Thif if the itme'cohditioh tf would exift in 
any other key. syiUln duriiif:i>ower £ailuz«f.' 
At thif time, letnica .ia -^Sguxe 26 the circuit 
connectionf defcdbed in thif section. 

Syatem operation 

. 6^1. We learned' that more than one unit 
has been developed to provide the incoming 

' Sifoal ! ident&ScatSon function. ' It is 
conceivable, then, that more than one device 
will 'provide the key, system 
intercpmmunicationf. ' Th e 6A , pcsrmits 
functionf that the 207 KTU did not provide.'. 
For ezainple, two private talking cJ^ann^ are 

•available, a camp^n feature if provided, and 
you can maUb^ conference callt. Additional 
servicef will be", noted when we describf the 
circuits. >IOTE:'Thi 6A does not provide any 
of the incoifiing.lintf smicef Aunifhed by the 
' 1 Al or 1A2 key syttami; it if coi;^ined with 
•ithcr ta-provide th<4ntereommunications. 

6-2. The 6A>key system doea cpmpaze 
with the lAl lay system, ho«ive^. fThe 
similarity if- that individual ^ umta are 

y afffemtried and wired^at the factory and are 
combined, ts requiredvjto 'provide.theti^ired 



FifiM 29. TakjphoM ftatioB Ujdp circuit. , 

f . - • • 

fcaturef. Yet, units manufactured by -one ; 
coapany may not be compatible yiith unita | 
^urnifhSid . by. a second ' company, 
^bmeqiieotly^ the qomxal practice to order 
• lidl units for your ayate^s 'tfom anej' 
inanufartumi If you muat .btder »>-a: 
"placement KtU trpa a s^bnd company,* 
make sun that if^'is identical in size,> 
operation, and conx^tioos t^rith throne to be 

nplacedi • ^ ^ " i 

, • 6-3. 6A Equipment JSeizuxe. We kaw that 
" th^ intercommunicationf -system .^sablef you . ^ 

'io, dial a^selfcted station using eithef one digit 
or two digits. The same dial sdective intercom 
KTU that we ^studied eadier is' included as a . 
unit of the ,6A syatem. Therefore, we will 
re^ew itf actionf while showing additional 

' wiring and its effectf on equipment that 
operates in association with it. Tp illustsate, 

"^y pxwuing the INT£RC0M key and lifting 
'the handset you op«ate the A relay hi the 
(hal selective intexcom KTU. Trace, foldout 3 
to learn the additional devicea that maJ(e upr 
the opei;ating cinmit for the A relay. 
Although the \ relay of the station signalingf 
circuit "also operates at this time, it p«fprms 
only a preparatory function for a fixture 
opmtion. As we noted in Section 4, of this 
volume, die otMsated relay A completed the 

' opera^g circuit of relay B. Now, tracing each 
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Fifurt 31. t^fJtjaf eu<uit for raUy LS of sA kAjr 

pair of contacts 'on the opentad B Ttiay 
discios«p •dditionai' circuits. Contact MIO 
completes the ciscuit -{or the vibrator, which 
providet busy/dial tone. Figure 27 shows the 
vibrator circuit. Operated contact Ml of the 
lamp circuit, which we viewed eariier, and 
contacts EM12 could provkie lamp features; 
• however, they aie not functional when using 
Che dial selective^tercom unit with a 6A key 
system. Operated contact EMB6 connects 
ground to the operating circuit of relay BX in 
the two-talking Unk circuit. Figure 28 traces 
this relay circuit, which js shown in foldout 3. 
This effort insuTRS'that you understand the 
operating principles of a 6A key system. 

6-4, The operated Bl relay in the link 
c;rcvut completes a telephone set lamp circuit, 
connects ground tq the operating circuit of 
ihe ST relay in the 232B KTU1 providing thii 
unit i$ furnished K and connects ground to the 
time^jut (TO) relay circuit. Figure 29 
iUustxates a busy . lamp circuit. Remember: 
The operated ST relay starts an interrupter or 
motor whith will interrupt the lamp circuit 
regularly when you desire a flashing lamp. 
.\Iso, we have traced the ST and TO relay 
circuits on foldout 3 because they were 
available; however, the lOB and ISA 
•punchinp {terminals) of the link circuit could 
be coniiected to any other unit containing a 
TO or an 'ST relay. 

6-5. The operated vibrator provides dial 
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tone to tHe telephone set user if this optional 
ftatuz* a daiind. Of cousw, you prm the 
INTERCOM key and lift tilt t^i^one 
handset to get dial tone. Dial tony requires 
another KTU (227B). which we will not 
cover. 

6-6. Oialhsg. While you are dialing, the 
release and reoperation of the A relay occun 
as descxibcd previous^. Thus, the selector 
switch steps and relays C and T operate as a 
result. ' Additional relays must operate when 
doiible digits are dialed. Digit 2 is used for 
transfer puxpoees. 

6-7, Having finished your dialing, you 
•await the indication tiiat tiie called party has 
lifted <t^e telephone handset. Yet we know 
that drcuit actions are raspon^le for this 
signal I nclu d ed in these actions are: , 

a. In the sdector circuit, 

{1} The A relay operates again, tiaxxs 
reoperating relay B. 

(2) Relay C restores after a delay.. 

(3) Relay T remains operated temporarily 
following the release of relay C. 

d. In the two-talking link circuit, 
(1) Relay 6C operate. Its operating circuit 
is the result of the C relay being released and 
the T relay remaining operated. Figure 30 
illustrates ^e complete drcuit. It is evident 
during your trying of this circuit on foldout 
3 that several optional methods are possible 
fo.- completing this circuit. For example, 
ground potential can be connected directly to 
terminal 39B of the selector circuit, or the 
potential can be provided under the . ^ntroi 
of relay LTR in the link circuit and B 'i m the 
busy signal and control circuit. We are 
showing the latter procedure. Regardless of 
the connecting method, during the 
. slow-to-release period of relay T, you must 
see relay BC operate. Although relay LS of 
the station signaling circuit is connected in 
series with relay BC, it has too great a load to 
operate with the current of this cirrait. 
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Figw 34. Simpliil«d drswing of 6A k«j wjwitmsx rinfixm circuit 



{2} Relay BCl opexitti. Opented contact 
'M6 of rriay BC complttts^ the p{Miating 
circuit for rriay BCl* Oparat«d' contacts 
EMB6 and 37 open a circuit for rtlay TBI. 
Optratad contact M2 of rtiay BCl ihunts titia* 
9100K>hm miitaxica of relay BC, thus 
increasing the current for relay LS. 
Consequently, the contacts of relay LS for 
the called stetion move to the operated 
position. The leleased BC relay* in tuxn^ 
restores relay BCl. Relay LS does not restore, 
however, because its operated contact EMB8 
has completed a locking circuit. Figure' 3l 
shows this locking circuit. 

(3) Relay RO operates. Operated contact 
BM5 of relay LS completes , the ope;:atizig 
circuit for relay RO. Figure 32 illustiata the 
RO relay circuit. This circuit is made posdble 
because of a wiring option referred to as the 
AL option where terminal 39A of the 
two-talking link circuit is connected with 
terminal 40A of the station signaling circuit. 

c. In the station signaling circuit, 
(1) Relay LS operates. The operating and 
locking circuits for relay LS have already been 
described. The CH relay in the LS relay 
locking circuit has ^o little current to 
operate at this time. Operated contact EBftfIS ^ 
of relay LS completes thap flashing lamp 
circiiit for the called telephone set. Figure 33 
illustrates this flashing lamp circuit.. We have 
used terminal 23B rather than terminal C, as 
shown in foldout 3* because C is a reference 
(^ignation for the third terminals. Look at 



the punching chart between figures 2 and 19 
on foldout 3, and you will see where this 23B 
det^nination was obtained. Parallel to the C 
nference are 3A, ISA, 23A, etc. For circuit 7 
(station 7), 23B is shown as the i»oper 
.punching to use« Remember: Contact 4 of the 
interrupter unit is. operated at regular intervals 
when the interrupter is operating. Operated* 
relay ST started it to operating. Operated 
contacti PMEB4 and PMEB9 of zaUy LS 
complete a ringing circuit for the* called 
telephone. Tracing figure 34 and foldout 3 
discloses that this circuit is made possible by 
connecting terminal 20 A of the two-talking 
link circmt with tenoizud 4 (ring ground) at 
the audible powor unit and terminal 19A with 
the X05V ringing £enninal*'(2) at the audible 
power unit. Of counet other connecting 
options are possible, but most of them 
include operated contacts of relays RO and' 
LS. ' * 

d< In the optional wiring, 

(1) AK option. We may choose the AK 
option to pl^ the RO relay operating circuit 
under control of- the interrupted- Thus, the 
released RO relay breaks the ringer circuit at 
intenrais. This, interruption resiiits in a 
l^ond operate, and 3*second release timing 
cycle. 'An interrupted signal may -be provided 
to the Calling station as a roigback tone. The 
released T relay in the -selector qircuit 
bompletes the operating circuit for the release 
magnet. We observed this effect in paragraph 
4*23. 




Figurt 35. Unm dnwiiic of op^mingeimiit for tWy TBI. 
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FlfUM 3S. Opomting circuit forralay LS.' 



(2) AL option. Whtrsb^ tha raitond T 
. reliy op«nt tfa« opczBting cuottit of RO 
in tha twoUUcinf Ixpk dxeuit. Haoct, tha 
Miktor twitch rttums'to ite oxigiDai pcmtion. 
RtUy LS at tfa* eallad station will not etlasM, 
although relay L oparttas following your 
Uftii^ of tha haodsat, bacauaa of iti 
slow-ta«elaasa charactanstics. 

6-8. If tha talaphona sat is inatalie^ with a 
SIGNAL kay in placa of ona PIC&UP kay. tha 
opexatad loiy oparatas iiaiay BC of tha 
two-talking link cizciut Tha opmtad BC. in 
tum, completes tha BC^ rday's diciut. Your 
review of the ptecading , paxagnph will 
discloaa again what adc»ional conditions 
occxir after relay BCl opesates. .The audible 
signal at the c^ed station will continue as 
long as the signal key is pressed. 

6-9. A^iwering Incoming CalL Having ^ 
lifted the hands^ at tha called station in 
response to the signals, you operated the TBI 
^ relay \ti the tsro-taiking link circuit. Figur^ 35 
illustrate this relay operating'^ circuit. The 
operated L relay in the circuit opens the 
preliminary holding circuit for relay LS of the 
station si^iaiing circuit at the called station; 
howev«, operated contacts MI and.M12 of 
relay TBI renew the circuit again. At tiie 
same time, relay LS at the calling station is 
operated. Figure 36 repn»ents the LS relay 



circuit. Opemtad contact B7 or relay TBI 
opens tha operating dzcuit of relay. -BI. 
Operated contact EBM8 of relay LS agajin 
complataa the kxddng circuit for nlay.LS. 
This connactton is ziacassary baeausa restored 
contact M9 of relay Bl removas the 
preliminary battery connection. Operated 
contact M4 of relay TBI providee tha power 
for the lamp cimiit of the telephone; thus, it- 
replaces contact Mil of the restored Bl relay. 
Operated contacta PMEB4 and FMEfi9 of 
relay LS of the calling .teil^^one open the 
operating circuit of A in the selector 
circuit. Entered telay A opens the operating 
circuit of relay B. Iherefore^ the relays that 
initially processed' the call are now released. 
Figure 37 shows the talking circuit between 
the, two t^phona sets. You should also be 
aware, now,' 'that' the power for tiiis 
conversation passes throu^ rday TBI. 

d'lO. Operated contact M6 of relay TBI 
completes the operating circuit of relay LTR 
in the twortalMng link circuit. Operated 
contact M2 of t^y LTR completes an 
operating circiut for the LT relays at both 
stations. ' Operated contacts PMEB4 and 
FMEBP of relay LT tsnsfer the talking circuit 
of the telephones from the 'Tl and Rl leads 
to the T2 and R2 leads. Co^tequently, relay 
TBI is released while re^y TB2 becomes 
operated. Operated contact M12 of relay TB2 
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Fifort 38. C&cuit for opmtiac th« BY r«U]r. 

completes openting circuit of reUy H and 
providei ground wh^ holds relay LS 
operated. Operated contact M2 of Miy H 
provides the holding ground for relay LT, 
pontact EBMS on r^iky H opens the qp^ting 
(Circuit of relay LTR* This switdung c^ieration 
is refened to as '^transferring hom the 
primary to the secondary talking link.^' 
NOTE: You may hear a click during- the 
circuit transfer caused by the battery supply 
change from xelay TQl to TB2. The result, 
then, is that ttvo telephone users can have -a 
private conversation while axfother intercom 
user can originate and complete a call to a 
fourth party in the system* The second call 
wduld be completed through the operations 
of relays A, B, C. ROT A, RLS A, R1\ TR, 
Bl, CH, BC, BCl, RO^ and TBI which are 
shown on foldout '3. . 

6-1 !• Only thos€i people at the stations 
which are connecl^ to the primary link at 
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timt of tctoi&r to th* sacotniaxjr «n &blt to 

c^jj^^paBse^' <S^^^ 5^tijtsjf .jpasa^^i^t) ^ssiji. aiJ^ejr |*'-,^lie 
conntetion. This Hmitint psovition if 
to u "tutomatic cutoff." Again, a mjxa% 
option datannlaai whtthv you |uovid« this 
violation or not Wt Yiotad that ralay Bl was 
rtitdxtd. Its nlaasa ' opaos tha op«n^ing 
circuits for LS nUyi at tha stations nkicb art 
to b« cut off. Wa also saw that opasatad 
contasfc MX of r^ay TBI provides tht battaxy 
for tha IS rtlays which an to remain 
operated at' tfaa' two ttatioaa that will b« 
connactad for convraation. 

6-12. Cailad Station Busy. You realize, 
howevar, that tha dasirad station could b« 
unavailabU baeauaa of a eoavamtion already 
in i»ognss. When fhii coiuiition exists, the 
originated call opaiataa the BY r^y of the 
busy signal and campon control circuit. 
Figure 38 iUustntas an opeating circuit for 
relay BY. Likewise, if you have provided the 
dial tone option to tha system, tha attempted 
call must operate the relay in the zing^ and 
tone control circuit which opetns the <^ tone 
circuit. The operated BY relay complete 
circuits for holding itself operated, flashing 
the statio^ lamp, and returning busy tone to 
the atEing station. Operated contact M2 of 
relay BY connects ground to terminal 22 of 
the busy signal <;ontrdl 'drcmt, and, in tiun, 
this terminal is connected to the circuit 
•having the relay which flashes the lamp- 
Opexattti contact M4 of relay BY connects 
ground^ to the operating circuit of the 
vibsatbr, which provides the busy tone to the 
calling station. Figure 39 depicts the busy 
toiie circuit. Operated contact Ml of relay BY 
complete a focking circuit for relay T in the 
selector equ^ment. 

e-XS. When both talking links are busy, 
camp-on is provided for some systems. If this 
feature is available, the calling party dials-the 
code number to select the statiqn. This action 
reserves the system for his call when the 
station becomes .idle again. The selected 
station is automatically signaled by the 
system equipment. NOTE: This camp-on 
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41. Scfatmitic dugnun of pnut conf«rtnc« circuit. 



feature is not possible without using a selector 
circuit, hence cannot- b« used with thi station 
using a signal key only. You make your 
selection although the lamps reflect a busy 
condition. The selector relay A functions as 
stated in the preceding dMcription, Alio, tiie 
"dialed code di^t activates the selector circuit 
as formeriy shown. The operated 
OFF-NOHftlAL swtch on the selector 
provides the connection that opwates relay 
BYl in the busy signal and camp-on control 
circuit. Figure 40 illustrates the operating 
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circuit for relay BYl. Remember: lathis 
circiunstance where both links axe busy, relay 
BYl operates before relay BlY.^ Contact BM5 
of.of»rated BYl opens the locking circuit of 
relay BY, while contacts EBM6, B&I7, and 
PMEB4 open the ground connection of the 
flashing lamp, vibrator, and relay T circuits. 
Operated contact BM3 of relay fiYl, 
however, completes the operating circuit of 
relay BY. Operated contact EBM8 of relay 
BY op&as tixe operating circuit of relay BYl. 
Since relay BYl is slow to release, a period of 

22:] 
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tim* mix jptM b«foz« any Ktioai occva. 
Attm ttM BY! Niay bM xt immd ,. 
eoaiM^tioiit an mad* which nv diierihiKl i& 
{Muninph BAZ For •xampltL.stltyt T and BV 
axt lockad Qp«attd anS busy, tout ii 
connactad to tfaa iscoiisinc . dseuit 
Foiloving tha conp^tion o£ tbt caili on isoth 
Unki, tha BY radons baeauia of tha. 
opan contact M2 at lalay TB2 and contact MS 
%of TBI. Contact B7 of caiaaMd zaUy 
TBI compbtai tha opasat^ circuit of reliy 
Bl in tha hro-taUdng link dxcuit, wfatxau 
opan contact Ml of xiiiy BY pannit* lalay T 
of tha Miactor to stast it! timing cydatowazd 
rtiaaM. Aceosdingiy, ralay BC in tha 
tiro4aIkiBc Unk dxcuit optsat« in latiat with 
LS. Than, rday BCX opantat and shunU 
mlay BC. Tha activitiai tibat follow this BC 
relay mtozatiop w«ia daicnbad in pazagra^ 
6-7. . 

6-14. Ramambar: if tht dasizad station is 
busy on tha sacondary link, yet the ptimaxy 
link is free, the same mponse occuzs except 
BYl does not operate. fteUy Bl controls the 
circuit that ogentes relay BYl. 

6-15. Another 6 A ly^em msy contain the 
224B KTU, which allows the idle fUtion to 
be signaled when the primary link is released 
although the secondary link is still busy. The 
equipment that we have described does not 
have this pxovisidn: Bo& linki must become 
idle befora the desired station can be signaled. 

6-16. iPreset Conference Circuit. A 
converuition that includa more than two 
stations is referred to as a '^conference call."' 
When the control equipment and method for 
providing this type of call are established 
before the call is originated, the cqmiection is 
lefened to as a **preset confer^ce." Yet, we 
have learned that it is not normally possible 
to dial more than one station because the 
two-talking link circuit isolates the call to two 
stations on each of the two links. Thus, a 
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Fifon 42. Un* dzmtrinc of eimiit thit opcim^«s PCI. 
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Figure 43. Schematic ctttgr&m of conUtnncm time-out 

circuit. 

method had to be provided where the transfer 
to the lecondax^ link iji delayed until: all 
stations for the conference have answM*dF 
' This delay is provided by using another &A 
system equipment unit. Figure 41 is a' 
schematic of a preset conference unit. 

6-X7, You shoMld be aware that 
pushbutton signaling is possible; hpwever« this 
provision is not 'the most 'desirable beouise 
the dial amngement^ pi^vides b^ttof 
utilisatton. We will show that the preset 
conference unit perm^ s ig nalin g of ail 
conference statu^ns of tiie ssrstem at the same 
time by dialing a ^i^eciaL code *digEt or by 
pressing one pushbutton^'T ou know lhat the 
operated dial or puidibuttojn ac^Uvatet relays. 
Reviewing the s^egtor circuit, w£ reckU that 
telay C releases before relay T, and that 
during the time that tiuL^zondition exists^ a 
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gcound potential ii connected to i C ltd. of 
the seiector. This grounded circuit includee 
EiMB6 ol »lay LTR, contact B7 of BY* 
tennintl 39B, contact BS of r^ilay C, $ad 
contact M2 of nUy T in the selector. The 
grounded C lead is now connected to tenninal 
17 of the preset conftoence circuit. As a 
result, relay ROl wiU operate. Operated 
contact Ml of relay ROl completes the 
operating circuit of relay PCI or FC2. Pigui« 
42 illustrates the operating circuit for relaf 
PCI. NOTE: If several stations are organized 
into group 1, they wiU be connected in a 
manner that enables relay PCl to signal them. 
Using the same method.' PC2 operates when 
the several stations forming group 2 are 
selected by ground on the C lead connected 
to the preset conference circuit. Operated 
contact EMB8 of relay ROl opens the 
operating circuit of relay RO in the 
two-t*lkinif link circuit, thereby preventing 
signaling of any station until all the LS relays 
for this group of stations have op«ated. 
Operated contact EM12 of relay ROl 
provides a second operating circuit for relay 
ROl. It is evident that the ground potential 
for this additional circuit is connected to 
contact B5 of relay PCI. 

6-18. Your an^ysis of the results from 
having operated relay PCI should disclose 
that 8 of the 11 contacts have made 
/connections. Six contacts complete a 
connection between ground and the C leads 
that extend to the LS relays for the six 
desired stations of thyconference.' Remember: 
Relay LS is installed in series with relay BC of 
the two-talking link circuit, and operates only 
when relay BCl shunts the winding of relay 
BC. Operated contact MS of relay PCI 
completes a locking circuit for relay PCI. 
Operated contact EMB6 conftejjta ground to 
the SG lead of the imit, which also connects 
to the selector circuit. This ground will be 
extended by the contacts of the seiector 
relays to the C lead.. Operated cont^t B5 of 
relay PCI opens the locking circuit of relay 
ROl, whereas operated contact B7 of relay 
PCI also removes ground from relay ROl.^ 

6-19. The six operated L$ relays in the 
station signaling circuits complete a locking 
circuit that includes relay CH of the 
two-talking link drcuits. This circuit was 
shown previously. Also, you leame4/ that 
operated contact EBM6 of each LS relay, 
completes the lamp circuit for the station. Of 
course, all lamps are flashing now be<^use the 
circuit is being interrupted. The released R01 
relay in the preset conference unit cldsed 
contact EBM8 and the operated LS j3ay 
closed contact BM5; thus relay RO of the 



two-talking link circuit operate?. 
Consequenay, it 'fnovidts txaging cuntnt td 
- Uw lis statiODt. T!a ringing prwwWJi.^ 
dMcnbcd in a previous parapanh^'''^ 

6-20. The released T rjria^Tin the selector 
■pKmiU the release magnet to restoia the 
-elector switch. As a result, relay. PCI if the 
preset conference circuit is reletMd/ The 
.PMtored contacts oi relay PCl^ien the 
circuits to relays LS and RD^ Since the LS 
relays are locked operated, they are not 
affected, but relay RO is^ released. 
Consequently, the audible signal Jb silenced.. 

6-21. The sfirst called station to answer 
oppates the TBI »&y. This relay operating 
procedure foUov^ the same pUifi already 
des crib e d , except that relay Bl remains 
operated until aU stations have 4£nswered the 
signaL To illustrate, the hockswitch, 
depressed«pusfabutton, and telephone' network > 
complete a circuit consisting of contacts on 
relays LS. LT, RO, BCl, and the winding of 
relay TBI. In addition, operated contact M4 
of r^Iay TBI completes a lamp ciroiit to. the 
calling station; however, the lamp *iU flash 
until- all stations have answered Secause 
contact EBM6 of relay Bl continues to 
provide interrupted power. Operated contact' 
MIO of relay Tm provides the ground that 
holds relay BlA)perated. Each answered 
station is connected in parallel for the 
conference; thus relay TBI provides the 
required talking battery. Contact M12 of this 
latter relay provides the ground that holds the 
answered stations* LS relays operated. 

6-22. When the last station for the ' 
conference has answered, the L relay, in his 
signaling circuit operates and removes the 
final connection for holding the CH relay 
operated. Consequently, restored contact M6 
of relay CH opens the holding circuit of relay 
Bl and contact 35 of relay CH completes the 
operating circuit for r^y LTR. ^ow the 
lamp will bum steadily and the call can ise 
transferred to relay TB2, provided the second 
link is not busy. We learned that operated 
relay LTR operates relay LT in the station 
signaling circuit and relay H.- Relays LS and 
LT, in tum,<cdmplete the operating circuit for**^ 
relay BY when the agnaiing circuit for the 
busy station is being held operated. The 
op«ated BY relay, then, locks operated, 
operates the T relay, and causes busy tone to 
be, returned to the station that drigiriated the 
conference. 

■ 6-23. An optional feature that is provided 
by a 21 7B KTU is conference time-out Its 
function is to stop signaling any unanswered 
station and allow transfer to occur 30 seconds 
after « the calling station originate the call. 
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With this option provi^eii, the subicribef 
originating -the cQofeience opeat«i relay Bl. 
thu%. doilaf its contiK^tMS. Thii action 
connects ground to lead TD which letults in 
heating the isimetallic contacts' of a thcnnai 
relay: Figure 43 it a portion of a schematic of 
a'2l7B showing the timeKSUt circuit; using £ 
thermal (TD) relay. Two sets of contacts for 
this relay operate; however, contacts 1 and 8 
operate fiefore 5 and 7. Operated contacts 1 
and 3 perform a preparatory action-~they 
connect ground to contacts of relay *rOA^ 
thus Insuring a rapid re^onse when rejay 
TOA operates. The operated ' TD relay 
completes the operatin^'i circuit of relay TDA 
with contacts 5 and 7. <Dperated contact BM5 
of relay TDA open5 the operating circuit of 
relay TD; h«ice its contacts are permitted to 
cool Also, contact BM5 competes the 
holding circuit for relay TDA. Operated 
contact of relay TDA connects ground to 
the CTO lead. It is evident on foldout 3 that 
the CTO lead is att»:hed to the H lead and 
the CH relay winding. Grounding this winding 
results in release of the relay. If you recall the 
information in the last paragraph, the release 
of relay CH iiutiated the transfer from the 
primary link to die secondary link. R^lar 
calls .are not affected by the operation of this 
timeout circuit, because relay CH is 
functional only during a conference call. 

6-24. We have learned that a key system is 
flexible because of the optional wiring 
methods and the operational KTUs for the 
instaiiation. As a result, you may use different 



op«ntionai pro<»dum for the system. To 
iUufttn^tet ti^c preset coziference ixxstailation 
that pe dMcr^ed xequind th^ you dill a 
number to originite the* odl. Also, we 
revealed that it was possible to have two 
group^ 0^ ii^' telephones connected for 
conference* If the organua^on desim that 12 
statioiQ be connected for otm conference, you 
could also provide that. In this latter 
instai^tion; the dialed confereqpe number 
would operate relays PCI and PC2 (strapped) 
simultaneoiiidy. We know, too, that a^ signal 
button' could- be used to originate a 
conference call. Unially, one party would be 
authorized to originate the conference call; 
therefore only his depressed pushbutton 
l^ermita the equipmrat actions that result in 
the conference connection. Of course, the 
operated sijgnal kty would then operate relay 
EOl in the preset conference eixmit, which, 
in turn, operates the predetennined PC relay. 

6*25. You may have received the 
impression that 12 stations are the maximum 
nxunber that can be installed wiUi the 6 A key 
system. However, this is not true. The 
recommended number of stations is IS. With 
this number of stations, two-talk link 
intercommimu^tion is permitted— or in other 
words, two conversations are possible at one 
time. AcCTrdix^y, the system is developed to 
keep the lO-percent brunking requirement of 
a telephone system. A 6A sjrstem can be 
expanded to 36 stations, but this installation 
reduces the trunking requirement to 1^ than 
10 percent, because only two conversations 
are yet permitted. 
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CHrPTlH 3 



iitttiBirtiQn Of K«y Tcleplim 



ASSUME THAT you hm bMn askwi to put t 
nut OD t bolt. This may apptu to bt a aimpla 
project Howam, you must do iomt 
gunainf. For aximpla, you ibould conaidar 

Jtat whathar tfaa bc^t ia to ba lat within a link 
(canty); if aot, it may nquii* a nadlMx 
waih«. S«Kmdly. you probably oMd to 
conndar if tha nut should foUow a 
lockwaihar. Tha {aojact may not ba aaay, 
tither,. bacauaa tha unit may hava to ba 
mitaUad wbcra movammt it mtiictad and 
whare you ara uaabla.to sat your woik. Thus, 
you may hav» to usa ^Mciai tools. 

2. Similariy; to iniuxa that a key talaphona 
y stam wiU giva tha daaired sarvica. you must 
do soma pi t in st alla t ion planning. As a z«sult, 
installation tima and coats ara raducad. Also, 
a weU-pIanned, oidariy installation will 
wquire faw Utar diahgss' and Uttle 
maintenance. Th^ to consider during 
planmng of the installation include: 

0. Operating senricaB and facilities that are 
to be provided by tha system. 

b. Specific equipment necessary for 
providing these services and fedlities. 
E^iuipment, must be sometimes reserved 
before you |pder it, to insure its availafaility 
when needed. 

c. Equipment and cable location at the 
mstailation site. 

d. Provisions for expansion. 

e. Local rigulations and conditions. 

/. A building *for housing the equipment. 

3. This chapter contains information about 
installation planning and cut sheet 
prepMation. placement of the equipment 
apparatus, and installation of the cables. 

7. Key Syst«im, Installation 

Planmng and Cut Sheat Preparation 
7-1. If tfatra is to ba a '"<wini nm of 
intemiptioas during tha installation, there 
must be undatslinding. and agreement 
between supervisors who have control of the 
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&ciUtiaa that must ba availabla at nadfic 
times. You must, tfaarefota, coordinate with 
tha pmnnal of other agaoeiaa. For azampla; 
WMsultation k naeasiasy with ttia utilitiaa 
company, oanlal office pamoncal, outaida 
Ijant paaonnd, tha base matariai offlca, and 
the Air Fore* installations office. Tha latter 
oflka must haw tha ^buikl^ in good 
condition bafbra you begin installing tiie 
equipment because the equipment should not 
be di^tiirbad after it is in place. Similaxly. dust 
must be h^ to the minimum whan 
equipment is installed bacausf particles of 

xl^^ ^ iaop«Eatiye. 
Ventilating air conditioning, and heating 
mxat also be provided bafbre beginning the 
liatallaticm; thus, the utiUtiM firm mmrt have 
ac power oinnectad into the building. The 
central office and outsida plant personnel 
«h«ild have the r^iuirad incoming central 
omce lines ready for connection to the KTUs. 
ine materiel section will have to provide 
tools, filing cabinets, and other necassary 
building furnishings. 

7-2. The preparation of ' cut sheets 
(connection sheets) is part of this planning. In 
a commuciai instidlation* the cut sheet might 
be made by an engineer in the front office 
and sent to the installer. In the Air Force, the 
telephone izutaller may find himself actiiig as 
the engineer. 

7-3. You must have the knowledge of how 
the circuits operate. In addition, 'you must 
know the rsquirements of the .requesting 
agency so that you can select the equipment 
to be used. This equipment is. selected to 
provide the fsaturas that are desired. Then,' 
you can prepare cut sheets. 

7-4. A cut sheet is merely a listing of all 
the connactiops that must be made to 
connect and install a key system. This ^eet 
cut be mada in several differmt ways. The cut 
sheet format tiiat we will use is not a standard 
Air Force form. Th» inslallatioh saction at 
your base may do it differently { however, the 
method pnsented hers works wall. . 
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FIgurt 44. Kay ■yitcm eonhtetioa shMt. 



7-5. The connectioa sheet shown in figure 
44 is a portion of a commonly used one, 
which shows all connections to be made at 
the equ^ment cabinet and run throughout 
the building for connecting to the individual 
telephones; Of course, we must connect all 
CO lines to the appropnate 7 and S punchings 
of the 202Di or ^30Bs. These connections 
will b« shown on the Key System Strapping 
Sheet, as wdl as necessary strapping and 
power connections. 

7<6. Systems that are ordered as a package 
are already mounted and strapped, thus 
eliminating most strapping and connections. 
We know, too, that packagM are available in a 
variety of sizes and features so that almost 
any service can be &iroished,'prewix«d. (Refer 
to Chap. 1.) 



S. Placement of Apparatus 
Cabmi^ and Equipment 

S-I. Our discussion of planning to this 
point has covered some of the operations in 
preparation forlnstalling a key system. Before 



the equipment can actually be installed, we 
must do some on-site planning, as you will see 
in the following paragraphs. ~ 

S-2. Installation of the apparatus cabii^ets 
requirtii a considerable amount of good 
judgment on the part of the installer. Sevend 
factors should be considered. When selecting a 
suitable location for the cabinets, you should 
consider the desizvs of the attendant. You 
should also try to visualkt the appearance of 
the installed cabinets. In&nspicuous locations 
are desirable, but the cabinets must be 
accessible for maidUnam^. You must provide 
adequate support for tfaem; inside plaster 
block or simiUr 'soft matftriils and temporaiy ' 
office partitions are not suitable. 
Wail-mounted cabinets should be about eye 
level to an average man. Additional 6u:ton 
that you should consider are: 

a. Building conduit. If a telephone conduit 
or duct system is provided, locate ^e cabinets 
neaf the outlet. 

h, Sp«:e. Locate the cabinet so that thtfre 
is sufficient space for the gate to open. The 
gate of the cabinet opens from left to ri^t; 
thus you shcHxki provide at least 1 foot of wall 
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g. VtntiUtion. Th« appacatuf eabiaaC mi^ 
bt pteetd in i doMt or snuU ragia if .it ii 

* h, iPowir. Thttt' muit bi pi^viiioa for 
poww (110 to l^p voitt) doif to tht 
ap'paatus cabintt , 



9. Ttnninatioii of Cabit 

\ 9-1. Sinct th«« u» many diff<amit tjrpct 
^ oCttnni8«tisg blocks, it ,ii wnAgtik that you 
wiil uM Mmal focainf amXgtiatnti. At tht 
type 30 tazminal ttfiit,^you {}iacc the nuning 
cabia <m.tht lida whtrt th« board fanning 



FANNED PAIRS 



KEY CABLt 



Fifuiv 45. Fanned e«bl« «t typ* 30 teMfiBf tcsniumt. 



space havtQg no obstacle on the.rifh^hand 
side of the cabinet and about 3 feet clearance 
to the front ' 

c. pamage. Where cabinets are to be 
^lyjgdl on the floor, consider the pouibiiity 
#«f'UiiMge from water or from blows during 

cleaning. A location dose to the wall or 
partition is usually desirable for cabling 
-purpose. 

d, .vibrations. Avoid placing cabinets 
containing relay equipment in spaces subject 
to vibration. 

a. Heat Avoid locations zMar radiators, 
steam ;pipes, legisteis, etc.. which would 
subject tbi equipment to excessive heat 
\ f. Uj^t. Good light sh(Hild be available so 
that the installer and the repairman can see 
the operation of ^e rdays. 




FANNp CABLE 

TIP- (PAIR I) 
RING (PAIR I) 



TIP iPaiR 25; 



RING 'PAIR 25i 



CABLE TO 
EQUIPMENT 
CASiNET 



6. Fumad cabk at tfp* 66 bcidglaf t«naiaiL 





Ffgun 47. Ttrminatinj • win oa a 6ftA UcmiaaL, 



fXxip is insUUscL The cable ihcHiid alio •sttnd 
2 inch« Mow tht typ« 30 UzmiiMi ImSan 
you bagin to &n tt^t cbnductoa. The numiz^ 
cable if to b« butted in sudi a manner that 
the end of the jibeath it <beiow the strip and at 
a distance that permitii scfom for skinning and 
terminating the Qxit conductors. Figure 45 
'iUustxates a sam^ fuming uximgunent at 
the type 30 terminaL According, pair 1 has 
the shortest conductors and pair 25 has the 
longest conductors. Since it is more difficult 
to fan long conductors than Aort coiuiuctors, . 
excess wire should be cut off, leaving only a 
sufficient length witjb which to work. U»ially, 
a wire that extends 6^ehes.b^ohd de face 
of the extreme front edge of the fanziinv strip 
is sufficient for the skinning ^dtemynati^g' 
operation. However, thai are not to be 
used mtut not be removed. They are sfnue 
wires. Be sure to keep the wires paired While 
completing the fshning operation, hence 
arrange them to conform with the D color 
code. This color code ^ standard |b 2S'pair, 
plastic, 24-AWG cable, which you will usf 
moA often. This 25 pair is placed in bindezr 
and repeated to make up 50-. 75-.or lOO-iNur 
cables. Tiree l»inders, for exami>le, make a 
75'paircal^. 

9*2. A much faster, eUsier. method is shown 
in the terminating pattern used with a type 66 
bridging terminal, u Illustrated in figure. 46.- 
You place the wire in the small oj;3«[ung beloW 



the upper ftngnr on one of the projections 
(clipi) for tht tWHiifiil Qf fCKiitit . you ficst' 
insait tfaie fvirv thsou#i the Auining ttsdp . 
befon plaemf the win. in thia position. Figure 
47 ,A, ^ows the wire in position in a texznifial 
clip before it is fiorced within the Upa ef-the 
clip. Figure i73. Uiows tht 7146 tool after it 
has prsseed the wire down, thus completing 
tiia tennihation. It k.evideat that you do ^ot 
skin the ,wire for this of teniinating 
operation. NOTS: A shafp edgi on the bkde 
of the tool cuts off ths txceai wire. Tht biSsde 
. must go ont^ the clip straight to prevent 
damage to the tool or to the ttani^ or both. 

9-3. If you uteit to install a wire that is to 
conthiue to another ccwnectiidn* retetse the 
blade to allow the d^U eclft of the l^ade to 
rest against the wire as it is'b«ng prasaed 
down, so as not to cut the'wire. " 

MOTE: The 71 4B tool (fig. 47) is designed 
with a reversible t^ade. 

9-4. After having made all connections, 
incUiding powir and incoming CO lines, 
exsmine your install&tion',clQpely to see that 
all unite an wired neatly and correctly. This is 
often refsotd to w "preoperational. check.'* 
It should be thorou^ to discioae loose or 
undesirable t:onc«ctioQs. Also, remember to 
observe all iuUs of co^uit and wire 
placement, whkn you iMmiedjin Volume 3. 
Following ^is check, you usually perform an 
ofmtional'jtest,. w.hich allows you to test the 
equipment circuits under simulated working 
condidonsi Circuit ' d^criptions' and 
instructions coverii^ the method o'f operation 
'for each circuit &4he system are fUmished 
with the job drawinp and specifications. If 
you encounter trouble dimng the operational 
test, you must- dstezminjeL an4 correct the 
£aul. ■ ; ^ . 

9-5. RememW, the ; i^peazance of a 
telephone instaUaiion may cause the user to 
think your jcystem is defectnre, although the 
equipment works. ^I^ '^t connectifiiu are 
^ made ideally and . correctly and the cables are 
" uniformly placed, everj^j^ody'will be satisfied. 
There is a state^itot that f^ ve^ well here: 
"If a job ih worth dpixig, it is worth doing 

well, and. safdy!'\ 

♦ • • • V - * - 
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ftteintwiMiea m^Tt^o0c«y TtlMwm SyttMns 



THINKING OF, and pnjMKi&f for, trouble in 
a co mmunkratio nt tykth ia bait dam baton 
tht tpoubk oeeusk One eppoctenitsr for 
thinkinf about kajr qntem taipublaa it iMSom 
you in thii duster. Although we cannot 
dMcriba ail tht troute that could occur, wa 
can give coamon siMaona for aquipmant 
&ilunt. Of couiaa, you eani»t laam to^repair 
tha aquipQMt by marely taading noida that 
deicribe tha txoublaa. 11uou|^ pxactica you 
laam how to clean and adjust relaya and make 
repairs. 

1. The methods that we describe may not 
be identical td the method whioh«you will 
use. or have used, but it will be similar. All 
telephone systems have similar electrical 
ciicuits; thus comparable methods are Used 
with all systems. 

2. From this intzoduetion to key ^vtem 
troubles, you should build toward a thorough 
undeistanding of the system. Much d this 
understanding is gained through your doing 
the work. . 



10. Operational Test of 
Key Tdephone Systems 

10-1. Some people may* regard a key 
syitem as just anothe? tdephone system witii 
a number of ezten^ns. We. of course, after 
trscing. Huough th^ dicuits and discuoing 
<!abling and interconnections, know that 
beneath the simple surface appearance lies a 
xather complex system of relays, contacts, 
lamp*, and wiring; Because of this 
complexity, our opentionai checkout ihould 
be conq)let«. Every telephoM in thsM key 
system is an individual unit, mdepeixient of 
the othtts; tl^erefoxe. each unit must be 
carefUUy checked befonb we consider the 
installation completed. It is not enough to 
pick up only one instrument and test ihe 
hold, incoffisng tignal. dial, and inteicoim 
features and ucume that the system is in 
order. 
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10-2. Not oply must each phone be 
cheeked to see if it will p«m(it talking,* 
iKtfivin^ and dialog; but phoat must > 
also be.checked to see if it will hdd thfrUne; 

if it will control tha line by'ligfat^l^e busy 
lamp at all st^ns; if it .will operate throu^ . 
the dial and the, intercom; and, most, 
importent, if i^ wCU do 'aQ or any bn^ of these 
thiitp while <4her in^mmeats a^e deti^ed 
from the line.i£ach instrument or stalaon- 
must be independently able to pick up ail' * 
li^ lelease all Una, pick up the intercom * 
and dial ft station, hokl rach central .office . 
line, or perfonn any other operatiph tha£ it is 
supposed to while-all other instrumenta in tjjie 
system are hung up. Until each compl^^ 
system "is checked ojut caiefuUy, ybu cannot ; 
be sure that it is propedy installed. i 

10-3. , You will rMlize after havShg worked ' 
with a key tfleplion^sj^tem that the r^ts 
are sometimes unusual because, of the 
common connections. 

The ground < coi)n«cti6n for' the 
system is very im^rtani and shoukj: be 
rechecked as part of the checkout. If ttie ^. 
ground is nbt go<fd. it can auise« grei^ deai- 
of grief. If the ground winte^is broken, the - 
trouble iiuik;ations are un(iA% For m^ance, 
a broken ground wire in a 1 Afi 9ystemmay 
mult in bumedK}ut transistors of«thf 400D 
KTU. From th^ trouble sympl&ms you 
should realize each system hat^spedfic 
symptoms tha^ >pcciur with an open |xound. 
Other systems may have oihvg ssrmptdhu. Be 
I ^ure that the pouhd fqr your syi^n) is solid 
and is protected from damage. If a grouwid rod 
is used, make sure that it is driven 'deeply 
enough to give a ^ood grouxul and that4t is 
located fa a fila^ where it will ndt -be 
damaged by grass cubing tods, thus cutting 
you out «f service. Some lAl key . telephone 
systems signal just like a selective ringing 
tystem-tiflg to ground (also pefened t9 'as 
''common audible**). AlViinging is through ' 
gE^^und letum to the central office. The 
^j^m. with the 230B KTU drcxut, usually 
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uses mfet^Uc ringifig (ling to tip dr tip to hi)g 
fig ftil'ng) . , 

10-5. The pzeceding troubles axe jus| a 
sample of the trouble t|iat can show yp>ba 
individual sets or pazts of the syste|^ There , 
are maay troubles in a lAXlcey system'- that 
Wy affect only'Dzit t^ephont. This is the 
reason that we say that key system telephones 
axe jiot es^Mosions but are indepenciint of 
each other. B^ore you annouxue that a* 
system is ready for ^se, be very sure that^jroii ^ 
hav^ checked each phoi&e and. every feature. 
Theie tests are made with-, no other, 
instrument off the.hookv 

10^. Geottil Pro4^ures. In the following 
operitional tests you wiU have a limited need 
for an assistants Check the system operation 
by using the following pn)c«Khim: 
^ug in the power unit cordr 

NOTE:. If ct'ahy ti^e you do not get the , 
indication of pxop^ operation, .tra^e. youi^ 
tfirintg. TroublM in a new installation are most 
often the reault of wire or connection defects; 
not £iulty Wep^bn« or equipment. 

d. With. All pther' telephones ''hiing up," 
lift your telephone handset, press each . 
PICKUP button on the telepfaona of the 
syst«ii and look for a light imder each 
^depnmi pushbutton. >In' addition^ dial tone 
' should be heard for each CQ line. ^ 
' c Determine if the {!rst incoming line can- 
be held by depipssing the first PICKUP key 
-and then depressing the HOLD button. The 
fiist PICKUP key should be rfstored by the 
ckpros^d- HOLD pu^ibutton aa the latter 
button returns to its oormial p%»ition. .\lso, 
the lamp under the f!nt PICKUP key shoiUd 



nionmtMfy fo out before lightiiif agaiA. Xi» 
Mrnnfl twiHtM? • u tka itiiiff of an 

^ ^^^w^P^^^^^^^P ^^^^^^W^^^^^^Mp ^^^^^^^^^P^^^ ^ ^ ^^^^^^F w ^^^^^^^^^^ f^^^^^ 

ppecttfd'^B fi^. Of tiouieiiu if tlif lyaiem 
iaeludM the frisikiaf eiKUltloptioa,.tbtB the 
lamp wiU wiak ivhile th« H May ^ o|>ent«L 

d Rtlaiit the H relay by dai^mainf ^ 
fint PICKUP k«y. Again th« l^ar ^« 
puihbutton wflt IP out and tl^ raopmie* 

«. Dial tha cotxal office mimbiir the 
aecoad Una. Now, you slMuld hte rmginf and 
should see the lamp flash under pushbutton 2. 
Furtherpiore, the lamp ^^odat p ush b ut t on 1 
for youf Aatton should alao be lighted, but 
steadily.' 

f. Answer the rin^sf signal^by deprasainf 
the second PICKtJP key. The lamp^under the 
pinhlRiHonior the seemKi line at your station 
-shotil4.c|iange fiom flashing ta- steady. . 
<kpv«Ml second key rastorat PtCKUF key 1. 
Lamp Itnust go out. 

f..,|Utum to the first line by depriasing 
PICIOJP key 1 again. ^ • 

Dial the centtal o^ce number for the 
third incomipg Une. Again, you should haar 
ringing.' and should lee the lamp under 
pushbutton 3 flash. Answer the ngnal by 
depzessing the third PICKUP button. 
/ £. FpQow the same procedure for checking 
signaiini of aU additionaT incoming linis. 

/ Advance to PICKUP key 2 and pm it.- 
Then dial the central office number of 
incoming Uhe 1. As a result, the lamp for line 
1 should flash. '■ 

k. Stm the PIpKUP key for line 1. Note 
that lamp 1 should light steadily and lamp 2 
will go' out following restoration of ^ the . 
secoi^ pushbutton. 

i Press PICKUP key 2 and then the HOLD 
button. Accordingly, lamp 2 will light^ go out, 
and li^ again, if the H relay for line circuit 2 
operates properly. Lamp 1 will go out. 

m. Pr^ PICKUP *key 2 to release the H 
relay. 

fC Press PICKUP key 3. i.^k for a lighted 
lamp and listen for dial tone. Rotate the dial ' 
once and note that dial tone ^u«^. ^ 
' ' o. Press the HOLD button and observe the 
lamp for PICKUf* key 3; Again, it should 
temporariljr go bt&t duri^ the t^nsfer to the 
H>(day from relay A. * ' . 

p. i>epress PJCKUP key 3 again. 

q. Repeat the. procedural n through p 
while op^ting the nmaining PICKUP keys. 
(If you are 'teeing a system with more than 
four PICKUP keys, then use these steps for 
the addltioMi k^.j ' 

f. DelTress the INTERCOM {H^ishbuUon 
and dial "2." Ara refult, the ringer at the 
telephone you are using should ring. If you 
were .operaling a station other than statidn l^, 
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thM;rou would dki that codt to nag tht btlL 
Tht ijagtr op«nt« cm4£o^ Tbt l«inp for 
th« INTERCOM iauttdajSoin^Mctilyiiloag 
M tbt puihbuttxm if dtitatd. 

& To dcttnain* tht qusiity of your talking 
cizcuit, ditl tht inttvrom numbtr for tht 
ftttioQ whtft your aiiiitiat it Uscattd. 
Following hit lifting of tht itttiott handstt 
tnd pxtMing tht INTEECOM button, you 
should coavtnt. Aik his to listtn for tht 
inttzcom signtli for tbt iemaining 'itition> 
when you dial them. Also, aak hirn to notify 
you if anythins apptazs irrtgular. 

t Dial tad: of tht inttrcom /codt 
awgnrntnti and wait api»oximattly 1 minutt 
forjR rttura call, in cast of an izn^gidarity. 

u. Rttuxn your handMt to mt ttltphont 
when you think your operational ttst of this 
station is compltttd. 

V. Walk to station 2 and rtpeat tht 
operational ttst described in steps b through 
q. During tt€ ttst of the inteirom from, 
station ^ you dial the assigned number for 
that station. 

'w. Perfonn this operational test for each 
of the stations in yoixr key system. . 

10-7. If exclusion is used, operate the 
EXCLUSION key after Ufting the handset and 
depressing the first pushbutton at the 
exclusion station. Then go to a station that is 
to be excluded and press the first pushbutton 
^d lift the handset. At this exduded station 
you should have completed silence: ;io dial 
tone, no ddt tone, etc., when the 
EXCLUSION key isf operated. 

10-8. We have used one procedure for 
•testing the operation of a newiy installed lAl 
key sys^m. You may want to use a procedure 
^ that differs from our description. Just 
remember, use^a method that is effective. It 
%uat re^t in checking each circtiit and each 
line at every station. You need not dial the 
complete assigned number for all called 
stations of your system when testing an 
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Fifura 49. Norswi mnd sbnovxnsl rtspoosM for a. 
Mri«-p«nm«i circuit. 
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Figtin 50. A parailti-coantcttd ticctriul circuit. 
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exiiting system. Dial <mly dm digit and 
dttermiaa if tht dial action brtaki dial tone. 
This partoxB^not ftitHiHWtiw your sig&aUng an 
occupiad Nation annaraMaTily . 

10*9. Tba opantional tait will nvttl that 
tha faatuns for ont an obaarvabla on all 
othcn. Thatt ra^ts kn dut to tha kay 
systam tclaphonp being connactad in parallaL 
Th0 opeatioa of tha hold cizciut svlay is 
checked by pnsting fixst tha PICKUP kay and 
then presaing tha HOLD pushbutton. In this 
cue tha lamp under the iPICKUP key should ^ 
either * wink or steadily^ after 

momentarily being extinguished. It is evident, 
however, that you cannot detnmine the 
quality of tha talking ^circuit without having 
an asaistant Remambar: All telephone 
handsets except the one at ttit station n^ere 
you are testing must be hung up during an 
operational test. Use the connection table 
(cut sheet) to determine the intercom dialing 
code. 

10-10. Your operational check of a 1A2 
key system should give the test resUts and 
should be done in the same manner as was 
described in the preceding paragraphs, 

10-11. Checking 6 A Key System. Since the 
equipment used to provide the 6A intercom 
includes circuits that are more complex, it is 
obvious that your operational checks are 
going to be more difficult than those ixsing 
only the 2Q7C intercom. You must also check 
every feature of the system at every station. 
Each station having a connection to a 6A 
system has greater independence than it 
would have if connected only to the lAl and 
207C, Therefore, a trouble at one station may 
have no effect on the other stations. An 
example of this independence is illustrated 
with the '*two-talk link" feature. In this 
cinmmstance, when all stati5ns are idle and 
you depress the PICKUP pushbutton, ail 
lamps operate for that line. This function is 
the same as tiiat used with the intercom 
circuit of the lAl or 1A2 key system. Now 
you dial the intercom number of the desired 
station and, as a remit, the line lamp for the 
selected station flashes and the ringer 
operates. Yet, the iMxnps for the intercom 
cmniit at the other stations remain: lighted but 
without the flashing. When the handset is 
listed and the PICKUP button pressed at the 
signaled station, the lamp ceases ilashing and 
the ringer stops. In addition; the lighted lamps 
at all stations, esc)i^ the two connected for 
communicating, go out« You can see, 
therefore, the reason for saying: ^'It is most 
, important that every telephor- of a 6A 
system be checked for every feat. 

10*12. Let uS consider Additional operating 



checks used with the 6A key system, and the 
indications that denote normal operation. 
NOT^: To. do thasft teats, you must have 
asiirtanta at other ftationi. 

a* Paragraph 10-11 described the 
procedure for connecting to the selected 
station. You ^(hould remember that the first 
talking circuit connection operated the TBI 
relay, which in turn opeI^ed TB2 of the 
secondaty link. To advance our operatior^al 
test a step furthm*, you now talk with the 
^assistant who answers the selected tel^hone 
and ask him to stand by while you get 
another asratant to dial the fourth station. 
This convi^rsion is possible because of the 
operated TB2 relay. The third and fourth men 
follow the prescribisd procedure for nsaking 
the connection* They ^oiild then be able to 
talk without interfering in your conversation 
with the first assistant, because their talking 
circuit is completed through the windings of 
the operated TBI relay. , 

b. Since both talking circuits are busy, you 
should now determine if '*camp'<9n'* is 
possible. You do this by dialing the niunber 
of the station occupied by* your third 
assistant. As a result, a busy tone should be 
returned to your handset receiver, With this 
response, have §rour assistants hang up. 
Immedia;tely, the station ringer for the third 
assistant should operate and the associated 
lamp ^ould flash/ Hence, the cax^p*on- 
feature is effective for yoiur statioiVr^.NOTE: ^ 
The key system features, for instance, 
camp-on, n*ay be con^structed in a number of 
ways to give slightly different indications. We 
are not desv4..oing each. When you receive 
your assignment to the Air Force 
orpinization, leam what indications to expect 
with your system and then look, for them 
during future tests. 

c. You determine if the preset conference 
circuit is usable by diatuig the assigned 
number. The called stations and the calling 
station lam;^ will flash and the nnger at the 
allied stations operates. Your assistants lift 
the handsets and depr^ the buttons showing 
the flashing lamp at their respective stations. 
As a result, the ringer stops and the lamp 
changes to a steady ij^ow. Remember: The 
lamp at the calling station flashes until the 
last conference station attendant answers the 
signal. Now all lampa should light steadily, 
and conversation should be possible between 
all conference members. To leam if a busy 
station causes the system to return a busy 
signal, request that one assistant hold his 
handset off the cradle and keep the 
INTERCOM pushbutton depressed after the 
others return to the cradle. Then you dial the 
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code humbM for 'hU station agiin. Your 
station will metiv* n hmy signal until the 
•Miitant netorcf the handset to the telephone 
GXidle. 

d. Other checks of the 6A key "^system are 
comparable to what we have deeczibed: 
therefore we won*t emphasize them. For 
example, you have singie^digit and two-digit 
sezuTB to teat and may hcve preset 
conference codes of one and two digits. We 
repeat: you must test each feature at each 
station before you consider the installation 
• complete. 

«. During your operational testing, obaenre 
the responses of the telephone units closely. 
Hxe dial and the pushbuttons should move 
freely. Of coutm, the Call Director has a 
peater number of buttons to cheek, but they 
function the same as the keys on t» 560 
series telephone. Each triephone, ^have 
Ie«ned, must show the proper indications 
when a caU is incoming and must permit good 
quality transmission when the talking circuits 
are complete. 



determine the specific component. You may 
Alio see an intermittent (disappearing) open 
or short. This latter trouble is caused by a 
looM connactian. A visual inspaetion may be 
the only me&od for finding the defect. 

ll^S. Let us recall basic circuit principles 
that you know already. These basic principles 
apgly when you analyze any key system 
circuit. 

a. An open circuit has no cuirent because 
the dnniit opposition is infinite. Figure 48 is 
a simple circuit that has no current because 
the svritch' is open. 

it. A shozted circuit has less than nomxal 
resistance and an increased cuirent. Figure 49 
Olustzates the effect of a shorted resis'tor in a 
series-parallel circuit. Figure 49 J^, shows that 
the normal circuit has .5 ampere, sipd figure 
493. reveals that the shorted parellel dzcuit 
reduced the dremt resistance to 6 ohms. 
Consequently, the total current has increased 
to 1 ampere. 

c. Figure 50 shows another circmt effect 
which you need to consider when recalling 
circuit principles. The normal total resistance 
for that circuit is 15 ohms. As a result of the 
open in the 75-ohm resistor the total 
resistance becomes 18.75 ohms. 

11-4. Althou^ the circuits that we just 
analyzed are simple, the principles we used 
are applicable to complex circuits. Most key 
system defects result in more complex 
analysis procedures, as the following examples 
illustzate. 

11-5. Assume that you have pressed the 
PICKUP key and then depressed the HOLD 
pushbutton but the associate^ lamp has not 
lighted. We need to consider whether the 
trouble is just the lamp, or whether it is relay 
failure. We know that relay A operates first, 

.w^* J L — •"■ followed by relay H. Contacts of both 

"^"^^ ""^^ SomeTVoperated r^y, complete SL laLp circSi? 

JtnEif,!iluf * ^ have two ^ays ^ 

«niHi$|B*o"*ly'. therefore we can assume that 



11. Isolating Equipment Faults 

11-1. Excessive current in an dectrical 
circuit is often identified by a blown fuse or 
an operated circuit breaker. Not all circuit 
troubles are so readily identified as those in 
circuits having fuses. Because of the 
multiplicity of circuit connections, a key 
system trouble is often difficult to determine. 
For example: Since it is common practice to 
Wave one pushbutton in the operated 
position, a lifted handset is the most cou»mon 
reason for that" PUSHBUTTON lamp to light. 
However, any line or equipment short circuit 
or ground gives the same re«ilt as the receiver 
off the cradle. We realize then that the line, in 



continuousiy busy "ks having a permanent 
ilgnai condition because they have worked 
with- equipment which has trouble lamps that 
remain lighted until the defect is removed. 
NOTE; Key systems do not have trouble* 
indicator lamps. To identify systefn circuit 
troubles, you must know the e<^uipment, 
know whai to look for, and how to use test 
equipment. 

11-2.-^ Permanent troubles are generally 
^ound by analysis of circuits and by testing 
the circuits. The analysis rarely determines a 
specific component within the unit as being 
open or short^iircuited, but you more often 
will isolate the fault to a particular unit. 
Testing with test devices enables you to 



the lamp has failed. Replacement of the lamp 
should correct this trouble. 

11-6. Assume that the hold relay was not 
remaining operated after being energized. 
Remember: You determine if the relay has 
operated by observing the lamp under the 
PICKUP key. What could be the cause for the 
H relay to restore? The H relay could have 
neither an open wire nor a short-circuited 
winding. A defective relay winding, either 
short-circuited or op«i, rwults in l^ure to 
operate. We know this to be true because an 
open winding prevents current, whereas a 
short circuit b3rpa&ses current around the 
winding. Yet the relay did opiate 
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t«mpox&siiy. ppcn conUcti u the rasxiit of a 
coxxtact ^usng miia4iuitzx\tat ayct mort likely 
to be the txoi^ eeuie* Open wine ue mois 
probahie trmiblei than are ihoxtfed wixes« 
However, zelay malacljttstmants are nibre 
likely to oo^ than eith«r of the wire £tult«< 
11«7. Inability to dial could be another 
txoubk symptom. You ihcHild uutentand 
that many &ulty o^mponents can result in 
thii symptom. For example, fte telephone 
dial can be defective, the pulsing relay in the 
selector can be at &ult, the Gompanion'relayt 
of the pulling relay can be'malac^uated, o^ the 
rotary stepping switch in the stiector circuit 
can be erring mechanically. Take a moment to 
think about this defect If only one member 
of the system cannot dial, it is evident that 
the trouble would not.Jbe ^e selector dr its 
relays and switch* Since there* is only one 
selector KTU (207C) for the system, when its 
components fail to operate, all telephones in 
the intercom system are prevented £rom 
dialiT j or they wUl dial wrong numbers. 

11-8. Likewise, if the ringing equipment is 
faulty, it affects 'more than one telephone 
station. Therefore, you may receive more 
than one trouble report of the $am« trouble. 
You may also receive more than' one trouble 
report from the same subscriber To illustrate, 
'bells don't ring," **no audible ringing/* 
**don*t answer," and **doesn*t get calls" are 
possible reports that could be received from 
stations when the ringing equipment is not 
operating. Systems with lamps and bells for 
each station will seldom have all th^ reports 
returned because the lamps serve as backup 
signal indicators for the ringer. 

11-^.' •*A conference station for a 6A key 
system does not aruwer" could be the trouble 
report. You learned that this equipment 
arrangement makes it possible for one 
originating station to call several other 
stations simultaneously. If aU stations except 
'one have answered, then the ringing 
equipment cannot be faulty. It is not 
prdtMble t^at a soldered strap is going to 
become open, either. Possible troubles are 
faulty KTU connections or relay contacts 
which burnishing or adjustment. 

11-10* There are many ttoubie symptoms 
and isolatin'g procedvures that we have not 
discussed. >To include ail of 'them would 
require a chapter of unreasonable length. As 
yon know, the equipment operates because of 
completed electrical circuits, and basic circuit 
principles are applicable for ail circuits. 
Perhaps the circuits ' ate used somewhat 
differently or are consttucted in a diffeufnt 
CQsnner, but you can easily detertnine these 
diffeiery^es with time and study. ..\ , 



11- ll. When you have seen the trouble 
sypptom /ind hate^' bolted *the unit in 
trouble» /lf ycmr responsibili^ ^ded? No, 
You nuist locate the specific trouble within 
the imperfect imit, 

\ 

12. Troubb; Location in 

Key TeiephoBe Sy^ems # > 

ri«l* Key S3;stem ^ubles^ ate«brou|^t to 
our attention by telephone uscjs or by 
testmen« As i- npairman, you must tiien 
determine the s|mc^ Ic^j^bn of trouble. 
JEIffective troubleahooting zeeults tem good 
procedures, accunte thinking, arid practice. 
Gdesaing and "inept or foolish fining for 
troubles'' uwally lead to^daastroq^ results.^ 
Think ldgv:aUy! If your car fiuls to stop after* 
you apply; pressure on the brake pedal, you 
would ' not, check the cjtr 
.radio. 

12«2« Trouble^ooting ustially starts with 
an analjfsis of the telephone trouble ^port. 
Coordiiute the trouble report fntie^ the 
schematisr diaipam for the: equipmefit unit. 
Quite often you can isolate the fault to a 
particular comQpnent throu^ this 
coordination. An op^tional xjx^ insiures 
that the report is acctitate and' it often 
eliminates possible causes of the trouble, thus 
revealing the actual cause. .Your * trouble 
analysis should begin from the unit in trouble. 

12- 3, If the preceding actions reveld an 
open drctiit, you can localize the trouble by 
placing a short cifcuit near the center of the 
circuit and by making electrical meter tests 
firom both ends. The circuit end that does not 
indicate the short must have an^_gpenr' within 
it. If you determine the circwt has a shorty 
then open the circuit near the center. Test 
toward the ends of the circuit from that open. 
The shorted end will, be revealed by the test 
equipment* Remember: This described 
checking is going to be dependent on the type 
of circuit with which you are working.' You 
do not short<itcuit a live circuit because 
additional troubles would result. These testing 
activitlM are normally msde in an isolated 
(disconnected), defective circuit. Test an idle 
or dead circuit with the ohlnmeter or any 
other test device that has an internal po^er 
source* Some repairman use a buzzer, l/sing 
one type of buzzer test set, you operate the 
buzzer when touching a wire tihat is good* 
Conversely, an op^ wire prevents the buzzer 
from operating. 

12-4. Testing a circxiit reveals the 
condition of its components. Thus, the 
components are not usually test^ 



mdividuaUy. For inftanct, w« Itrntcl ^ by 
optntiiig » PICKUP -toy we qp«it«i a lamp. 
Cojutqutstly, you should that niiy M, 
ia tht !£TU andita aiiociitKi cmitacti, which 
compiete tht lamp circuit, mart be good. 
Also, the lamp if good and this powar circuits 
tax the lamps and an. ftmctioning . ' 

Periodic circuit tBitiijg is an effective method 
of keeping a tMplionp' system in continuous 
operation. Tests are most effect&v*-when they 
are made according to lin organised program. 
Your use of these tesU ailowi detection of a 
substandard operation almost as soon as ^it 
appears or possibly before a unit' fails. 

12- 5. Rememfaer-make certain that" the 
troi^le exists in your system equipment and 
not m the central offiiie equipment or in the 
incoming line before attempting to test fot' 
troubles in the key equjpinent. Af^er having - 
locanzed the trouble, you should visually 
.mspect the wiring and ^onectiona^, then i^' 
your careful visual inspectidn lails tto reveal 
the trouble, you may need to us^lmetering 
type t^ equipment to pinpoint the defective 
component. By following the citdjit while 
using a systematic process of el^unination, you 
can \isually find the fault in 5^ minimum of 
time. This procedure eliminates in sequence 

, the good circuit parts. 

^ V, 

13. Repairing Key System * 

EU{uipment y 

13- 1. Jfou will find that just your rt^jilar 
maintenahse xof the equipm^t can ca^se a 
need for re^. To illustrate, each fime a 
cover is removed to make an inspection, dust 
can settle on the underlying devices. Also, 
every time you swing the equipment gate to 
observe or clean the terminals at the tear of 
the KTUs, the single-strand wirw are jQexed 
and bent. In time, therefore,, some ofth«e 
Wires may break. Furthermore, personnel 
cleaning the area may cause trouble by letting 
scrubbing wa^er splash on connecting blocks 
or soak cable nms. Maintenance performed 
carelessly causes more harm than good. 

l'8-2. Discounting the human element and 
assuming that all precautious were observed 
when the equipment' was installed, there are 
few troubles because, with the e^eption of 
the rotary switch and the relays with their 
armatures and contacts, there are few moving 
parts in the equipment Of course, the 
telephone ha* the PICKUP, HOLD, and/ 
CR.\DLE switches, in addition to tKe dial. 

13-3. Lamps may bum out. A sudden 
overload may open a fuse. On exteemely rare 
occasions a relay winding, resistor, or 
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capacitor may become defective, but most of 
the actual equipment tzoubln will bt, caused 
by maffha ni ca i £iihiz«s^ for 'inataiu:* that of 
relay contacts. . 

^ 134* Relay and Switdi Maiatcnance. 
loiow that you cannot become an ^pert in 
the care of • re^ya ^and switches without 
Goaking actual adjujtotpts, but you c»n leans 
of the relay cohi^iiction and gm analyze the 
effects that a change in adjustinent will have 
on the telephone circuit.. Remember: 
Deviation from established va^es are to be 
expected. The m^nnfttcturer rtalized that the 
equipment 'adjustments mo^d detexioxate 
following ^^any ope^oni, imd he allow 
for the change. Accordii^y, t 
manufactunr's|,.^}ecifSaB$ions gea&lly give 
two sets of tolerances: one set is referred to as 
tHe inspection (^est) ^ue and the othe^ is 
called the readjust (orS^ustihent) vaiue. The 
inspection, values allow for equipment 
deferidratioqi tjefote any adjustm«it is 
necessary." When you think a circuit is 
defective because qt a relay being out of 
adjustment, it will ' be necessary that you 
remove the relay from Uie circuit in order to 
n»ke the electrijfal t^ while using , a 
curreht-flow test set. But this procedure 
should be the final action that you take. 

!p-5. K&ay maintenance. You have 
learned that relay adjusteient is divided* into 
two major classifications: electrical and 
• mechanicaL The electrical adjustment consists 
'^of ^piyinfif cxxrrent to the relay. Thisxuirent 
similar in value to that which the relay ^as 
under actual operating conditions. Use the 
.test current requiremipt for this test. If 
the meter of the test »t registers within the 
prescribed range, no further check is mad^. If 
the relay b found to be out of adjusttient 
during the current requirement test, thenthe 
controls of the current-flow test set are 
repositioned to permit a check of the relay 
using the readjustment requirements. These 
readjust requiiBments aregnore critical; thus 
less tolerance is - permitted irt- t|ie relays 
adjustments. The mechani«^ adjustments are 
corrected so thatvthe relay can meet its 
electrical requirerdents. "^The mechanical 
adjustment consists of spring "gaging, 
tensioning, coiftect - facing and alignment,' 
and Aligning t^ rffechanical parts of the relay. 
Normally,, an 'ef»c,tricaily readjusted relay will 
hold its adjustinent for a consider^le length 
of time. / • ' ' • 

13-6. Electrical requireiijents* cannot be 
met without the relay having the proper 
mechamtal adj^stments. To illwlrate the 
meaning of the preceJing statement, look at 
figure 51 and consider the statements \i^ich 
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Figum 51. Vidw of opMAtiag vlmj aetioa, amfiUficd. 



foUow. You am set with this nmple 
represtntativf A relay, that two cucuiti are 
under the control of the A relay circuit. Since 
switch SI i» clotect reby A has opoated and 
it, in tuxn, opezatad' relay Z and restored relay 
p. AsKune, now, that the make-l^ver ^ring 
'for relay A (the spring whkh hu forced the 
attached condurt to' complete the Z relay 
qrcuit) is normally adjusted to a tension of 
17 grams as read with a gram gau;^ and that 
the break-lever ^hng (the spring above relay 
A which opened the B reh^y circuit) is 
nonna^ tensioned for 30 gtams of pressure. 
With ^ these spring tensions and with thf' 
normal cbnductdr resistance in the operating 
circuit of relay A, the current in the A relay is 
15 milliamps. Likewise, .cpndder that the 
repairman ' has inadvai«ntly wiped the 
break-lever spring imtii the tension became 17 
grams. Hence, the A relay operates with a 
reduced current; possibly 10 or less milliami«. 
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CONTACTS MUST AUGN WITHiN 
.1/3 OF THEIR BASE DIAMETER 

Ftgun 52, Ritey emiUet iiifnimi&t 

With the reducwi cuxrsnt, the selmy optntci 
pnimturaiy. CooKquMttly, xeUy Z op«fatai 
b^on it Should ftnd relay B relaues early, 
too. Hunk ot relay A u being in the dialing 
dicmt How will its early operation affect the 
selection of a station? The iMult could be a 
wrong number. The two auociate dircuita are 
equally important; thus^each must operate 
and rel^se at the proper tune. x 

13-7. The contacts, which should mate, 
should have adequate space between them 
when they are c^^en, to insure no physical 
connection. Yet the spac^ should hot be so 
excessive that &ey cannot mate and then rub 
together (caUtd contact follow) for an 
instant This contact adjustment is not 
normally considered as critical as the spring 
tensioning or aiftnature traveJ[ adjustments, 
since it ha; a direct bearing on one circuit 
only; whereas the other two adjustments 
could affect several springs and contacts, 
which in turn could affect their associated 



TABLE 1 ' 
RELAY ADJUSTMENT REQUIREMENTS 
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NOTCH 



AXIAL HOLE 



^ igux* 53. QoMiip Yi«w of tool bit 

J 

cixctuts- ' For • the greatest pouibiiity of 
accurate mating* the contacts should meet 
near the center but the coijtact pcsitiomng 
shbwn in figure 52 is acceptable uf most Air 
Foice telephone system lepairme^* 

13-8, Table 1 is an adjustment table which 
one Ql^ufactixser provided for their intercom 
KfU- You ahould Ijave" no trouble 
detemining the Mqyurements from this table 
becausi^ each column is identified* For 
exampl*, the T relay has 815 ohins of 
resistance; its armature trayel must be 
twenty-fix thousandths of an inch, ^ checked 
with a K^lay feeler gauge; and the electrical 
test requirement is 15 milliamps of cuneat to 
operatj the relay. Simiiariy, when the current 
is ^reduced to 5.2 milliamps the reiay must liot 




Figure 54. wt](»jirnp gun. 
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FiguTB 55, Clofttup tnd mw of win and tmniaai in 
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operate. Furthermore, the current 
requirement for the readjustment test is 14.4 
milliamj» to operate relay T, and 5.4 
milliamps should not operate the relay. 

13-9, NOTE: If the time comes when you 
must adjust a n;lay> nudce sure that you use 
the ^justment table for your equipment 
because each manufacturer uses different 
specifications to aceoinplish the same 
purpose. You may never ,adjust your key 
system relays because they are reliable* For 
this reason, your organization may not be 
authorized a ciiirent-flow test set, without 
which you cannot make such adjustments. 

13-10, Switch maintenance. The basic 
purpose of switch maintenance is also troiible 
prifvention rather than trouble ciear|Lnce/ 
Thus, ypu inspect all elements of the switch 
zi reguiariy scheduled periods- This inspection 
may often consist of a visual, cHeck only. If a 
sj^t^^i appeaxs to be operating improperly, 
Mjtistment may be required to restore it to 
full operation- We rep^t, however, that you 
do not readjust any switch unless it is 
definitely at &ult and must be tested 
eiectarically. You ^ould realize from this 
former statement that the test of switches 
comparea to the test for relays- Both units are 
tarted*eiecttically and adjiwted mechanically. 
Since we d^ribed the relay test ptocediues 
and adjustmffit,' we are not going into the 
details of switch adjustment. 

13-11. We have said that the occasion may 
copie where you need to replace a component 
because of a defective winding. With most 
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Figux« 56« A compi^td icdd^MS cozmtctioo. 



systems, however, you will replace the KTU 
to restore the system to nomud operation. Of 
course^ repliurement of a lA2fkey sy^em 
KTU is simple since e%ch KTU hss contacts 
formed into a pUi^ which you thra insert 
into its mating receptacle. The most difficult 
procedure^ require that you remo\^~ the 
component Removal is difficult because you 
must use a soldering iron to disconnect wiring 
and must identify each wire so that it is put 
back to the correct terminal during the 
component replacement It is easier to remove 
the component while the KTU is installed 
than to take the KTU from the cabinet and 
then remove the component. If you remove 
only the component, you can leave all the 
unit strapping and jumpering and remove only 
the wires that serve the defective device, 
riowever, you must use extreme care so that 
you don't damage other wiring* 

13-12. Key Station Maintenance. Your 
knowledge of telephone station -maintenance^ 
also applies to key system station equipment, 
Although there are more mechanical devices 
for a key system station, you will find that 
the repair is comparable. Hence, we need not 
repeat what has been said. 
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Figun SS. Strspi bstir— n aolderisM^tmBiiisls, 

that are installed without using solder. The 
wire is connected to the tern^nals of these 
components wit^.a tool referred to as a ^'wire 
wrap gun." 

14-2. In this situation wher? the 
component is defective, you remove the 
wrapped wire with an unwrapping tooL You 
shoxild not rmxse the twisted wire again 
because it .will probably break during a 
rewrap. Furthermore, you cannot get the 
desired pressure of the good metal-to-metal 
contact again. You should cut the old wrap 
and use the slack in tlie wire or iise a new 
length of wire. Hojvever, if you ipust use the 
old wrap, solder the connection after 
installing the ^ire again. The preferred 
, metfiod is Aat you install a new wire wrap 
around the component termmal. 

Figure 53 shows a view of the tool 
bit for a wire wrap gun. The axial hole is large 
enough to permit the tool bit to be placed 
over the tei?niinal for the component being 
installed. You can see a slot that extends 
along the length of the bit. The wire to be 



14, Key System Repair 

14-1. Using a Wire Wrap Gun. You may be 
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Figure 57. A *oid»ri«s» wrmp. 
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Figmm 59. Wrapping soldeHcsi t«nniEuU«. 
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Fifure 60. Singla «ad doubk aoldtriw wmps. 

wrapped around the termizui is inMrted into 
thii slot Figure 54 iliuitrstei t wire wmp gun 
and the tool ileeve \*iiich fiti over the tool 
bit. Figure 53 is a closeup view of the ends of 
the tool bit end the inclosing sleeve. The flare 
of the sleeve aUowa you to ir sert the wire into 
the slot of the tool bit n-ore easily. The 
notches of the sleeve hold the wire in pc^tion 
while the bit wraps it onto the terminal. 

14-4* Althou^ there are several methods 
for powering the tools, each imit causes the 
bit to rotate while the sleeve remains fixed 
during the tool operation. Figure 54 identifies 
the trigger for starting the wrapping 
operation, 

14-5. A soidedess connection made with a 
wire wrap gun will have the basic 
requirements for an electrical termination. 
They are: MetaI-to«metal contact, gastight, 
mechanical stability* a minimum of vibration 
stram and handling stress, and high-pressure 



contact. To iUustzate, a wire wrap on a 
tenainai has approximately 29,000 pounds of 
pr ee wua p« square iach« Additional 
«dviiiQii» to witih wiip cm^^ 
Woric area Is safe because there is no hMt 
whkh can cause busss or no mcdten metal 
wl^ch can cause imdesirable tltctzical 
* coiiaeetioas fcmowing splashing or dripping. 
Also, the installation cwrt is reduced because 
you have no need for solder, and Mch 
ctmnectioii usually , takes less time (and 
therefbre leu money) to make than will a 
solderedilpnneetion. 
' 14-6. Figure 5S illustrates a wire and 
terminal (par^y in position) at the tool bit. 
It is evident that most of the wire is inserted 
in the slot and that the inmlation near the 
skinned wire extends through a skNm notch. 
The length of the skinned wire is determined 
by the gauge of the wire. For example, 
22-gau0» wire'^ould have 9/16 inches of^ 
insulation stripped from the wire. You must ' 
also have a minimumSof skinned wire showing 
because the final appanmce- of the 
connection should have a wMyimnwi of 1/16 
inch between the wiri insulation and the 
terminal. Figure 56 illustrates a properly 
connected wire wrap. * 

14*7. Having inserted the wire in the ^ot 
and bent it back within the sleeve notchf you 
place the tool over the temiinal and puU the 
trigger. However, make sure that^e terminal 
used is designed for wire w^, that the 
terminal * tinned (cleaned thoroughly), that 
the wire remains fully inserted, and that you 
let the tool back away slightly during the 
operation. Also, fou must insert the tool over 
the terminal a sufficient distance that will 
allow the proper number of turns to be made. 
Accordingly, you .must provide five or more 
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THERE ARE HO OUTST'^NDtNG TAllS ON Th£ ^AV 
"URN THAT COULD CAUSE A NEAR SHORT CONDiT'ON 

Figun €1. Appipvtd ipicinf b«tw«M two wimpped 
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Figutv 62. Turn spicing for ioiatriiM wrmpt. 
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tumt on thi t«rmint) whtn using 22-giagt 
wir«. Figtw 57 shovt five tuiai of wirt on 
cht ippro\«ct unB!ual ccmiuicticm^ \ 

14^ Wh«a tbt wnppiaf ptoetdun ii\ 
compiitfd iod the triggK reiuMd, you 
removtt tht gun with ctrt so that you dont 
bendt tfmt^ or scxmpt tht ttnniaii« You will 
not damage the equipment if you withdraw 
from the terminal while holding the |un at 
the same angle as the temiinai is positioned. 
Therefore, if the terminal rests with the tip up 
as shown in figure' 57, you lift the gun straight 
up. If you have a terminal pc^oned at the 
honzontal angle, u pictured in figure 56, you 
hn required to withdraw the gun straight 
back (toward the left). 

14*9. In addition to having the wire 
requirement of 1/16 ixKh from the tsminal 
and the minimum number of turns, you also 
have several other rules to observe. Figure 58 
presents three. There are three levels to each 
terminal You make the first attachmeat at 
level X and close to the b«e, aiui continue 
your wrapping at level 2, then you use level 3, 
Furthermore, you must form all straps at the 
same level. Note too that you must leave 
some slack when strapping terminals. The 
instructions above the termLials of figure 58 
show that you must never wr^p at the very tip 
of the terminal because it tapers, thus will 
prevent your making a quality connection. 
Wrap the wire on the terminal in a manner 
that will prevent its being unwrapped during 
your further routing of the wire. Figure 59 
may help you visualize this procedure. The 
connection of 59,B> shows that the wr^ping 
direction is clockwise and the wire routing 
continues to the right of the terminal. The 
wire of A in figxire 59 implies that you are 
routing it to the left after living used a 
clockwise wrap. When v^rapping two or more 
levels on the same terminal, you must never 
overlap any turn. Of course, you also must 
never overlap any wire turns with the single 
wrap either. Figure 60 illustrates this 
requirement for terminals having single and 
double connections. To prevent an 
undesirable connection (short) between two 
terminals, make stxre that you lemove 
excessive pigtail from the last turn. Figure 61 
shows 1/64 of an inch of space between the 
pigtail of the left terminal and' the wrap on 
the. righthand terminal. Figure 62. illustrates 
the spacing requirement betwera turns. 



Hence, the maiimum gap is the diamettt of 
one wire. It is evident in figure 62^« that the 
total distance of the tw^diameter of the wire;, 
wheceaa the spaeea in figure, 62tB« total less 
than the diameter of the winL If the gap is 
ixcessive, remove the wtap, cut off the 
section of the wire, and make a new 



14rl0. Replaci g Wiring. We noted that 
mostXtroubkM a4e the rmUt of moving 
element!. Therefore, broken wires in a cable 
are notXoften found/ This is a good ^ing, 
because it is difficult to locate a broken wire 
in a cable. You coukl use either the jiunper 
wire method or ihe resistance teat (see pera 
12-3) to identify the faulty cmductor. The 
probable repair for a cable having a fkulty 
wire or wires is to replace the ^In. This 
procedure corrip::^ ta tiie cable installation ' 
which we have described in a former chapter. 
If n^lacement straps are requhred betwem 
terminals, form them in the same manner as 
the one to be removed. Use care that you 
rembve only the amount of insulation 
required because excessive bare wire pen cause 
short drcxiits. ^ort, bare cross-connecting 
wim are permissible where there is no danger 
of short-circuiting with another circuit (see 
fig. 58). Otherwise, insulated straps (jimipers) 
of the proper length must be used. The. 
method used to terminate the wire is- 
determined by the terminal. If soldering is 
required, skin the insulation from the wire; 
clean the wire to insure a good connection - 
before soldering. 

14rll. We can mmmarize this chapter by 
saying that your troubl^ooting procedtixe 
should consist of the operation of the 
equipment for verification of trouble, analysis 
of circuits to isolate the unit in trouble, visual 
inspection of apparent defective units, a 
point-to-point check using tes^ equipment, 
and after replacement or repair of unit, you 
again operate the equipment. Remember: 
Communications equipment functions best 
when it is not **manhandled/* In other words, 
do not touch any part of the equipment 
unless the system is definitely failing to 
perform the service expected. When 
operational tests disclose a definite need for 
corrective maintenance, think, and then do 
the trouble location and repair in a systematic 
manner. , 
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CHAIiTIII S 



IN THIS CHAPTER w« np^&t to ttpMt foot 
sUUmtnti of tfat previous cfaapUzf. So you 
ihouid iMiist thsi tlitM ststmtntt tn of 
special impojrtenc* to u initriUg^rtpfirman. 
At the s«mt time, t prindplt mbidi you may 
not hart ftiUy undantood btfon txay now ' 
bacome ciaar whan usad in a diflbnnt 
circiunstanca. Too, haw thougbti* will be 
introduced. We aspect you to add them to 
yojor mamoxy for your fiiture rafannce when 
working with intercommunications 
equipment. 

2. We have already briefly discussed Air 
Force intercommunications systems. We 
learned that although the Air Force uses 
equipment manufactured by a nimiber of 
commtxciai organizations, the operating and 
installation principles are similar. 

3. To make our discussion of this chapter 
more meaningful^ we will describe the 
installation, opention, and repair of a system 
having two master and four remote stations 
and they will have the nomenclature 224M-9 
and 224AM-3-9 for the master stations and 
5A45 {LS-129/F1) and 5A45B (LS-130/F1) 
for speaker-microphone units at ti^e remote 
stations. 

15. PUnaing an Intercommuniratioai 
System hutaUmtkin 

13-1. We Ittmed thmt there are several 
makes ot intexcommunica^qrttf seta. The older 
sets have amplifiers consisting of vacuum 
tubes, whereas the recent sets use solid-state 
components. Of c(kuMt the oldss style sets 
can still be in production today. Vacuum tube 
amplffiea and power souxces result in lairger 
sets. Yet, even the huger sets will vary in 
dxmensioni. Foe example, the master sets 
illustrated in figure 63 are stations 
manufactured by oiw tympany. Although 
their appearance is similar, they differ in 
station capacity, type of powi^ source, or 
accessories. Thus, just as with automobile 




produced by on« company, a«ch model 
difftti firom another in many ways. 

When you plan a system intteSation, 
you must be able to distinguish between the ' 

variow aod^. Each company «<mpHfu« this 

ozdenng by using coded modal nuaban. Vou 

should recall that Uie ke^^ system 

manufactums also uae a coding wftbtm with . 

their talephonaa. Using the model 224AM-3-9 

of figuxv 63 as an example of a coded number 

for the Webster Electtic Company, we will 

identify the stetion. The prefix 2 is standard 

for all of these models and, as a result, all are i a' 

spoken of as model 208, or 212, or 224. The J 

24 of our etample identifies the station u V,,^^ 

having 24 sdector keys; thus, it has a station 

capacity of 24. MOTE: This 24^tetion 

capacity enables it to serve 2^ remote stations 

and 1 additional master stetion, or 22 remote 

stations plus 2 master stetions, or any other 

azxangemoit that totals 24. The .AM in the 

coded number denotes > that the set is 

equipped with annunciaton and is a master 

stetion. The suffix S of our code number 

designates that the master ^di^a is equipped ^ ^ - 

with three position selector switches (keys). . * 

-The -9 indicates the operation of a switch that 

coi^trols the impedaioce of the unit. One 

position of this switch selects 50 ohhia for the 

impedance and the second p<Mition connects ' 

500 ohms as the unit impedanc^^ It is evident 

that each illustrated model in figure 6^ 

pegnnits this impethmce to be changed. Any 

stetion having, a model number that does not 

include the -9 has a fixed impedance of 30 

ohms. Using this |)att«n for coding the mbdei 

number, w^ can deduce that the 224M'9 

master stetic a has 24 selector keys and can be 

used with a circuit requiring 50 or 500 ohms 

of impedance. However, it does not have 

anntmciatoB, and the selector k^i have only 

two positions. The DOWN position for 

operating annunciaton at remote stetions is 

not provided. 

15^. The planning used with, a key system 

2i;r 




alio ippliM to your pnpanUioa for tht 
initdUtion of an inttzconuBuaicttiofli 
ortttiB. CooMqu^Bti|y» your wtltpluUKtci 
iiutillidiflia «^xieNtim fnw dUAM lod; i< 
mtnjtwttm Qf rtptki. Of oouiM, you mult 
know the nquirtmaats of tht xtquMtiaff 
^ ifftncy Is oedtr to Mlact<<tht tquipiatAt tbtt 
Mooci. 224AM-s-f will pfovidt tht dHirtd Mcvict.' Thui, you 

^ould know tht oumbtr of ftatioai to bt 
jntfllt^t the propoMd iootton of , tfa« 
ititioni (whtthi^ «poMd to .moiitun or 
•xcMiivf noiM, or if to b« plictd in « 
btttrdouf locttibn, ttc.), tht ^atuf of th« 
■orpnisitioD (wbtthtr it ii in orpnintioo 

, itquiiiinf txtrtfftt ste\uity mttturtt, or if tht 

MODEL 20iM-9. MODEL 224M'9 oipfiisation is tsptcttd to ftQuirt a d d i t i on al 

•i^tioni in tht fitturt), ^uid tiit dittany 
Firu* Si. Uit«t»Bunuakttto« Mts. bttwttn ttitioni and total Itngth of tht cablt 

loop. In addition, you ihould know; tht 
poution of o^tr communication lytttm 
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csbkt tMcaun inUtcommunicttions aibi« 
piacfd dOM to othtr cabl« csn induct aoist 
into tacb othtr. It mar bt ntctHvy that you 
oRlir ihitkiid cahlt to xtduet this inductioii 
probability. 

154. To iMtsMfy tht uaing igtncy, you 
plan, ii»taU« and insptct caztiftiUy. You saw 
cut shttta that w«t lutd as piaon^fuidtt in 
a kty tys ttm and at tht standard for your 
ini tai l a tion . Your intaccoaununk^oni 
InstallatioQ will also b« mdst tfftctivt whtn 
you uat somt form of intt^nntction 
diagtam chart or shttt. " , 

15-5. Using Installation Oiagrunt, Charts, 
or Shetta. Sinct tht installation probltm for 
an inttxconununications systtm is visually 
simplt whan compartd to ttitphont, kty, or 
othtr communications systems, tht 
mahufcctuitr may not providt an 
inttrconnection shttt as a standa]^ for you to 
use;' In this circtunstanct, an altrt supervisor 
will dtsign a diagram, or chart, or cut shtet 
which shows tht conntctions. As a result, he, 
his associates, and ftitun technicians and 
repairmen assigned to the organization can 
determine what the installation includes, how 
the connections wfert made, where they were 
made, what pairs are spares, and where 
modification has been accomplished. . 

15-6. A chart similar to the one shown as 
figure 64 could be Used to identify the 
junction box terminal connections. According 
to this chart, terminals #1 for the 224M-9 
have blue and white wires attached, terminals 
^2 for the same unit have orsnge and white 
wires, terminals j*4 haire brown and white, 
etc. To identify the connected *wires at the 
5A45, figure ) 65, we have listed them as 
attachmenU at the LS.129/F1. However, 



thtst units only havt ont pair of ttrminals. 
Thtitfon we havt shown tht ttrminals u #1; 
Uktwiat, the v^ct tntaiaala <^ tht othtr 
^MMkaztiaienphont units <tS4S0/Fl> am 
listtd u ttrminaU #1. Tht third and fourth 
wirtf for tht slave unita are shown as being 
conntettd to ttrminals #2 and havt insulation 
colortd vioitt and ytllow. 

15-7. Selection of Equ^mtnL An 
inttrcommiinirationa syittxh compart* with a 
kty systtm in that both |x« constructed to 
providt nikbiiity, stnngtb, rapid installation, 
and some^Nfltxibility. Yet wt dtsirt some 
standardization in aU installations, and we 
definitely must consider the cost of each 
system. Since, there an many different 
systems, you should take all into 
considnation. Howtver, ydu may be 
handicqiptd by a low inventory at your local 
co mmuni ty equipment source; thus you must 
make tht selection from wiwt is avaiiablt. For 
our purpose, we selected the system for whi^h 
there is a technical order available. It will 
describe installation, operational, and 
maintenance principles. Furthermore, we are 
considering only a few factors; you will 
undoubt^y find others that affect your 
selection. 

15-S. If the using organization requests 
two master and four remote stations, then 
you will take that into consideration. Yet, we 
shouki, not purchase a system limited to 2-4 
stations if the organization is expecting a 
future expansion of the system. "^A low-cost 
purchase of a limited size system would result 
in false economy. Obtain a syste^, in this 
case, which is designed to perniit expansion. 
If a remote station is- to be placed where it is 
expc»ied to moisture, then you should select a 
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moistiutprodf lixkit. LikawiM, if thi prc^poscd 
tocation it a noity arta, you ihoukl makt 
pimvialoni for tiivict tbact. A basajrdouf aria 

i- may mquiz* an asploaioii'^roof iti^ii. Wt 
said that our saltctad lyttam taquisaa an., 
Mpadanct of 50 or 500 ohms. You will also 

. havt to mako aUowancM for imped^nct when 
saiccting your syitam. Tha distaBia iMtwaan 
statiooa aod total diitaaca of tha systam loop 
partiaUy datarminaa. tha sy^am impadance. 

Tha powtf sourea available at the 
organixation also has a bearing , on your 
selection of a system. Usually, 50* to 60<p8 
alternating currant will be provided, ^t thexe 
is a possibility that other frequencies may be 
provided, or your requestii^ agency may 
. aiseuisphave a dc source. 



16. Inst^tion of an 

Intercommunicmtioni System 

16*X. Having completed your planning and 
selected your eqmpment, you install the 
equipment. The mechanics for installing a 
system are relatively simple. Many of the 
concepts expr^sed with regard to the key 
system installatioh also apply here;. For 
example, the uxiits requiring power should be 
located near an outlet and you, should avoid 
placing cables or wiring near hot water pipes 
or steam lines because the heat may, in time, 
damage the insulation. 

16-2. Looition Requirements. The master 
station should be placed to the rear of a desk 
or a table where the controls are not 
obstructed and are, therefore, convenient for 
use: yet the set should be kept dry and free 
from mechanical or electrical hazards. 
Another reason for placing the station the 
rear of the desk is that you then ^tx Uie 
myyimtim benefit when talking into the 
speakes-microphone. You do not normally 
secure the station to the desk; thus it can be 
reiocy^ad easily. Where a speaker-microphone 
is to be mounted on a wall, position it at a 
height where it wont be a safety hazard; yet 
place it where the sound waves can strike with 
m ATI mum effect. Accordingly, you may find 
It necessary to cut an opempg in the waU and 
insert the unit until the ace panel is flush 
with the wail surf»:e. A speaker-microphone 
mounted in a corridor shcmld be at least S 
feet from the floor, unless it is flush-mounted 
in the wall- 

16-3. Equipment Installation. You have 
learned the desired li:k:ation of the equipment 
from the work order or from the. user. Also, 
you know die requirements for a prop>ar 
placement. Therefore, you can now install the 

f> 
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ReHistance Per Pair * 


, JJo. ,22 . 


32 ohms per 1000 ft. 


No. 19 


1^ ohms, per 1000 £t; 


No. 16 


8 ohms per 1000 ft. 


No. 14 


4 ohms per 1000 ft. 



Fifor* 66. Wirt mktuM UMt, 

« equipment. It is a simple matter to install the , 
equipment for a small system' because you 
need only to attach the speaktr-microphona 
to ttie mUl with the brackata and fittings 
provided or set it on a table, and place the' 
master station' on the prescribed desk. Power 
connections are not required at the slave 
stations because they get their power firom 
the master stations. Extend the power cord of 
the chaster station to the power outlet, but do 
not plug it in. In some offices you may have 
to make arrangement during your planning, to 
have another power outlet provided near the 
selected desk ' because it is not a desirable 
practice to use extension power cords. When 
large systems are installed, you may l}e 
required to mount termixial cabinets which 
have connecting terminals or blocks. .Bridging 
terminals already desoibed could serve this 
function too. These terminals serve as cehtrai 
cross-conneciiig points for aibles connecting 
the master sUtions together and for cables 
connecting together the matter stations and 
the slave stations. ' 

16-4. Cable IfUtallation. When installing an 
intercommunications system, you must 
consider certain transmission limitations that 
are peculiar to each system. To illustxate, you 
know that this system that we are desoibing 
has an impedance limitation of 50 to 500 
ohms for the voice circuits. Figure 66 makes 
it evident that the length of the loop and the 
gauge of the wire deUrmine the impedance 
for the voice circuit. For example, this figure 
shows that a 1000-foot section of 22rgai£ge 
paired wires provides 32 ohms of resistance. 
Consequently, you could not extend the 
circuit to 2000 feet while using 22-gau8e wire 

' if the stations are selected for 50 ohms of 
impedance. Yet» by using l9-gauge wire for 
your voice ciroiit, you could separate the 
stations by 3000 feet. Remember The use of 
long voice loops will affect the voice pickup 
coverage of the speaker-microphone. 



•23> V, 

i6*5* Intercommumcations system voice 
pairs are not^to be included in a telephone 
cable became tht^ higher frequencia and 
volume of amplific^on in thir syitem may 
induce voltage into the telephone circuiti, 
thm resulting in xaroiitalk. A * similar 
precaution should be (^served concerning 
these voice pairs and high-voltage poweiiines. 
The high -voltage lines can likewise induce a 
hum (noise) into the voice circuits* It is, 
therefore, a good practice to keep a 1-foot 
^paration between intercommunication 
. circuits and other lines. 0£ course, we know 
that shielded cable or lead-covered cable 
limits these induction problems, but the 
additional cost for this type cable must be 
considered when planning your installation. A 
shielded cable must also have its sheath 
connected to ground, preferably near the 
- center of the cable. 

16-6. When it is necessary to ground the 
master station because of excessive noise, 
replace the pofwer cord with a 
three-conauctor cord equipped with a 
three-prong polarized plug. If such a plug 
cannot be used in the power outlet provided, 
obtam a three-wire plug adapter to connect 
the power cord to the outlet. Terminate the 
jground strap on the plug adapter under one of 
the screws with which the faceplate is 
secured. 

16*7. You must also consider the wire size 
when installing the annunciator circuits. Loop 
resistance for these signaling circuits must be 
less than 15 ohms. 



17. Operational Testing of 

Intercommunications System 

IT-l. The opT ,tions that we descnbe wiU 
probably vary u'om the procedures which 
your equipment requires, but again we stress 
that the principles are comparable. Think of 
the results that you expect from your system 
and the methods for provioing them! 

17-2. The checkout of an 
mtercomraunications sys^tem is done in much 
the same manner as was the key system test. 
Remember: You must check each station for 
ail'of Its operauonai functions. 

17^, You can use a helper in checking the 
stations of an intercommunications system. 
The following procedures describe the test for 
our representative system: 

a. ?iug m the power cords at the two 
master stations. 

b. Turn the combined volume control and 
ON-OFF switch until you hear a click and 
obsme the pilot lamp. The lamp operates 
when the equipment is ready to fClnction. 



c. Select th« desired station by^ moving the 
associated stiector kej^up (ON petition). 

d. Monitor the desired circuit to determine 
if it is busy. You do thii by listening at the 
spitaker wfaili keeping the TALK-USTEN 
switch in the IDLE position. 

e. Tuin the volume control to increase 
the volume* 

/: Press the TALK-LISTEN switch to the 
TALK position if no cofiversation as heard. 

Talk into the speakex-mifcropfaone while 
keeping your mouth about 12 to 18 inches 
from the front of the unit. Talk in a normal, 
distinct manner. 

fL Release the TALK-LISTEN switch to 
the LISTEN position and prepare to turn the 
volume contra! toward the desired level of 
strengths 

/. Listen for your helper's response and 
adjust the volume, if need be. 

Reply while reoperating the 
TALK-LISTEN switch to the TALK position. 

k. Return the TALK-LISTEN switch to 
the IDLE position Ad the sele<Jtor switch to 
the OFF position* 

/. Rotate the volume control to the OFF 
switch position and observe the pilot lamp. It 
should go out. 

Remove the power plugs from the wail 
receptacles. 

17-4. In many cases you will have 
additional signal circuits to test. You test the 
signal circuits as follows: 

a Plug in the master station power cord. 

6. Turn the volume control to the ON 
switch position, 

c Depress the selector switch to the 
SIGNAL position, 

d. Release the selector switch to the OFF 
position. 

e. Press the selector switch to the ON 
position. 

f. Press the TALK-LISTEN switch to the 
TALK .position and turn the volume control 
to nearly full clockwise position* 

g. Talk into the speaker-microphone and 
ask the helper to comment about the signaling 
results, 

/i. Release the TALK^ LISTEN switch to 
the LlSTEN^position. 

L Reoperate the TALK- LISTEN switch to 
the TALK position and request your helper to 
press his signal button in an effort to operate 
this station's annunciator and buzzer. 

Return the TALK-LISTEN switch to the 
IDLE position and the selector switch to the 
OFF position. 

k. Listen for tHe buzzer to operate and 
look for the annunciator plunger to pop out. 
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L Following the signal, lift the selector 
switch^ restore the annjondmtor plunger, and 
operate the TALK-LISTEN switch 
defcribed ptwiouaiy. NOTE: If the helper is 
at a master statxon, you do not operate the 
* TALK-LISTEN switch to the TALK and 
LISTEN po&itions. The IDLE position allows 
your station to function as if it were a 
speaker-microphone unit* You simply answer 
the helper when he speaks. If two master 
stations provide amplification at the same 
time, you will often have speech distortion or 
noise. 

m. Advise your helper to proceed to the 
remaining remote station and to signal this 
station after arriving thex^. 

ru Return the selector switch to the OFF 
position and the TALK-USTEN switch to the 
IDLE position. 

Await the signal from the helper, 

p. Then, test that station 's circuits a* 
described above. 

q. Insure that the selector switches are in 
the OFF. position, the TALK^LISTEN 
switches are in the IDLE position, and that 
the annunciator plungers are restored. 

r. Turn volume control to OFF switch 
position. 

i. Pull the plug of the master station from 
the wall receptable. 



18- Intercommunications 
System Maintenance 

lS-1. AFM 39-1. A irm an Cias^ ification 
Manual. states that the telephone 
installer- repairman is responsible for the 
external wiring of interoffice equipment. 
Thus, he makes minor repairs or replaces 
defective wiring between stations. If trouble is 
not in the wiring portion of the interoffice 
equipment, he will make note of the trouble 
in the set itself and will inform the radio 
maintenance personnel of the difficulty. To 
be able to do this, the telephone 
installer-repairman may be asked to perform 
routine mspections on the equipment, isolate 
faulty wmng, locate troubles, and make 
minor repairs. 

lS-2. Routine Maintenance, To insure the 
efficient operation and unintemipted service 
of any intercom system, various mspections 
or checks of the eqmpment are necessary. The 
daily and weekly checks are made by 
op«ating personnel, and the monthly checks 
should be made by a repairman- Occasions 
may arise, however, when you will be called 
upon to show master station operators the 
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correct procedure for making these daily and 
weekly checks of the equipment 

18-3. Daily checks. At the start of each 
opcratiomidjiy. tfaeopemtorshouM; ' ^ 

a. Be sure that the master station is 
positioned for convenient operation with the 
controls unobstructed. - 

6. Wipe dirt and moisture from the cabinet 
and controls, using a clean, dry cloth. 

c Operate and restore each station selector 
switch, TALK-LISTEN switch, and volume 
control There should be no bindings scrapin^^ 
or excessive looseness. \ 

1S*A. Weekly checks. Once a week the 
operator ^Quld : 

a. Inspect the cabinet for cracks, scratches, 
and corrosion, 

b. Inspect the controls for cracks and 
nicks. 

c. Inspect the junction box cable and 
power cable for kinks, cuts, and fraying or 
deteriorated insulation, 

18-5. These checks may, on the surface^ 
appear to be minor and unimportant, but you 
should keep in mind that dirt and moisture 
inside the set and in the controls are often the 
cause of equipment failures. 

18-6. Monthly checks. Once each month, 
at regular intervals, the telephone 
installer-repairman should: 

a. Remove the chassis and inspect the pilot 
lamp, fuse, and tubes for proper seating. Do 
not withdraw the vacuum tubes from their 
sockets; check only for looseness. 

b. Check the controls to be sure that they 
are not loose in their mountings and that they 
operate with a positive degree of action 
without scraping or binding. 

c. lighten all loose switches. Be sure that 
the impedance switch setting has not been 
changed. 

d. Inspect the cabinet, chassis, and 
junction box for scratches and moisture. In 
addition, inspect ail metal surface for rust 
and corrosion. ^ 

e. Inspect the power cable, junction box 
cable, chassis wiring, junction box wiring, and 
cabinet wiring (if any) for cuts, breaks, 
fraying or deteriorated insulation, kinks, and 
strain at the terminals. Inspect for twists. 

f. Inspect ail electrical parts for looseness. 

g. Inspect the termmai boards in the 
junction box for cracks, dirt, grease, and loose 
connections. 

h. Inspect the vacuum tubes to be sure 
that the envelopes are not loose or cracked. 
Inspect the tube socket fc^ cracks. 
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i Inspect all c^adton for leaks, bulges, 
and discoloration. These symptoms will often 
indicate trouble in the unit. 

j. Check resistors for cnu:ks, chipping, 
blistering^ discoloration, and loose 
connections. Check connections for corrosion 
and dirt 

k Check solid-state devices for cracks, 
chipping, biistenxig. discoloration and loose 
connections. 

L Inspect tiansf orma mounting screws for 
looseness. Before leaving the equipment, be 
sure that all connections are secure. Look also 
for blistered paint on a transformer. 

m. If the unit has been moistureproofed 
and fungiproofed, check all connections for 
this proofing. 

lS-7. Isolating Faulty Wiring. As with 
communications circuits, faulty connections 
and wiring are often difficult to determine. 
You may be advised to install new wiring 
rather than spend the time searching for a 
iiuspected trouble. If location of the trouble is 
required, you must know the wiring plans and 
understand methods for .identifying defects. 
We know that a useful identification method 
is visual observation. The visual inspection 
permits you to locate loose connections and 
broken wiresl Permanent trouJt>les such as 
shorts grounded* or crossed circuits may 
require you to use test equipment in order to 
locate the trouble. 

18-8. When trouble is reported by an 
operator, consider the possibility of a 
mistaken procedure. You learned the reason 
for making a personal performance test in 
Chapter 4. After eliminating the operator as 
the possible cause, you determine whether the 
fault 'is internal or external. You know that an 
internal trouble in any station is to be 
reported to the radio repair section for 
correction. The external trouble, wiring of a 
cable between stations, is your responsibility, 

18-9. Open, shorted, crossed, or ground^ 
conductors in the external wiring are usually 
indicated by trouble symptoms. For instance, 
the operator may not b^ able to signal, or the 
two attendants cannot converse, or there may 
be excessive noise while the connection Is 
completed between two stations. To 
determine the circuit in trouble, you plug in 



the power cord and operate the ON switch. 
Then you operate the selector swKch to ON 
(if testing the voice ciictiit} or to the *Tgrt*itng 
position* You shpuld optxatt and restore eich 
selector switch to determicte if the trouble is 
common to all circuits or if it is isolated to 
only one. If hum or noise is the prob|eiht you 
must determine if it is caused by electronic 
devices within the set or caused by the position 
of the wires or cable* You can isol^ the 
&ulty area by restoring all selector switches 
to the OFF position axui alternately placing 
each TALK-UCTEN switch in the LISTEN 
position. If the noise is present with the 
switch in the listeniiig position, the master 
station is at fault. Conversely, if the hum 
disappears following movement of the switch 
to LISTEN, then the fault is an external typie. 

18*10. Another symptom that may be 
reported by an operator is actually his own 
fault In this case, the speech is distorted and 
noisy when three stations are connected 
simultaneously. The cause of this symptom is 
double amplification of the voice signals* Tell 
the reporting operators that only or ^ master 
station should have the TALK-LISTEN 
switch in the LISTEN position for this 
bridged system call. Ail other master stations 
must be used as speaker-microphone units. 
Therefore, the operators of the second and 
third master stations place their 
TALK— LISTEN switch in the IDLE position. 

18-11. Trouble Location. Now that we 
have determined the section at fault through 
our operational procedures and Imowiedge of 
normal and abnojrmal symptoms, we must 
locate the ^ecific unit that ne€rds to be 
changed. Considering that the abnormal 
symptom is noise in the external wiring, you 
trace the wiring and note its position. You 
know the results of having your wiring close 
to other ii^onmiunications lines and devices. At 
a suspicious closely positioned section of 
cable, move the cable farther away from the 
second system's component and recheck for 
noise. If there is a noticeable decrease in 
noise, reroute your system wiring. 

18-12. After checking all wiring and 
finding no problems, yoii should make a 
detailed report of all symptoms to the radio 
maintenance personnel, who will make a 
thorough internal check of the unit. 
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CHAPTER 6 



Maint«nanc« of th« 302 Switctiing Unit 



PRINCIPLES of operation and maintenance 
descnbed in the previoui chapten also apply 
to the 302 Switching Unit. To illustrate, the 
depr^on of a key compietet -an electrical 
circuit to a relay. The relay, in turn, 
compietet additional circuits to lamps and 
relays. A telephone system functions because 
of these devices. 

2. The function and many of the devices 
of the 302 Switching Unit are, of course, 
somewhat different from those described 
previously. Also, this equipment includes a 
greater number of devices* We will show 
diagrams containing these devices and 
compare them to those with which you are 
already fiuniliar. 

3. An installer-repairman must understand 
electronic circuit principles, component 
nomenclatuxe, and the equipment connecting 
methods for a 302 Telephony Switching Unit, 
if he is to be a fully qualified airman in this 
career field. This chapter will provide 
information about ' each of these factors. 
However, not all the devices, nor circuits, nor 
troubles are described because, as has been 
said before, we are naturally limited in our 
space. Furthermore, radio equipment circxuts 
are not your responsibility. Your study of this 
chapter, in conjimction with the companion 
diagrams, shouki prepare you for your work 
with the equipment and the technical orders < 
You should gain knowledge while doing the 
wo'^k* 



19. System Fimction 

19-1, The 302 Switching Unit provides 
^^^ignaling, wpervision, and communications 
for an Air Force operations van, aircraft, base 
operations, the weather station, the ground 
control Intercept (GCI) station, and a control 
tower by means of wire and radio circuits. 
Because of these applications, the functions 
of the sjrstem are Usted as: 

• Wire4ine and radio communications. 



(Remember: You perform maintenance on 
lines and circuits that connect vnth radio 
equ4>ment^ but the radio equipment is not 
your maintenance mponsibility.) 

• Request and acknowledge signaling* 

19-2. Wire*line and Radio Communications 
Circuits. These circuito permit voice 
communications over loudspeaker or 
telephone units. The wire circuit include a 
dial, push type (nonlocking) keys, turn* 
switch^, relays, terminal boards, cable pairs, 
headsets, 1Q6B- loudspeakers, and telephones. 
A dial should indicate to you that there is a 
circxat to a central office or PBX line. In 
addition, there are station lines which permit 
automatic signaling from a telephone station. 
The radio communications drcuits include a 
transmitter, radio equipment, and a 
loudspeaker. Most of the controls for the 
circuits are installed in the operations van. 
Figure 67 illustrates controls for an assistant 
controller's shelf. It is evident from the 
identification of these units that some of the 
controls are familiar. For example, we have 
ateady discussed LINE PICKUP keys and 
lamps. We also described HOLD keys at that 
time. For each Une in this equipment, there is 
a HOLD lamp that is separate from the LINE 
lamp. Figure 68 shows a partial view of the 
interior of an operations van. Ac^ordin^y, it 
is ^>parent that there are three assistant 
controller's positions. Therefore, although 
only one set of controls is shown in figure 67, 
there axe three sets of the controls in a van. 
The controller's OFF-WXRE-RADIG keys may 
not be &Lmiliar controls. They are lever type 
keys which lock into the selected portion. 
Since they permit the controllers in the van to 
change the talking path from wire circuits to 
radio circmts, or vice versa, th^ controls are 
often ^oken of as transfer keys. Two keys 
ate necessary because one serves the 
controller's position and the second is 
operated by the assistant controller , In 
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addition, a . position roiy be unattended. At 
thi» time, the transfer luy for the unoccupied 
position muit be selected to RADIO or OFF. 
Another yjiit, shown in figura 68* is one that 
we aifo are considering with the controls 
^ because without it the communications 

curmts could not function. This is 
J53033P-1. This is a jack box unit, which 
accepts .the plugs of the head telephone set 
(headset). 

19-3. Station line telephone 
communications are possible between aU 
system locations having a telephone. Typical 
locations with a telephone set are the control 
tower, bas6 operations, the weather observer 
statitjn, and the GCI sUtionJ The telephone in 
the control tower is a wmU type, ^d with it, 
MgnaUng for outgoing calls is done by 
removing the handset from the hookswitch 
This signaling arrangement is often referred to 
as a "direct line" method. The GCI line 
provides two-way telephone communications 
between the operatidns van and GCI station 
or voice signaling from the GCI station to the 
operations van. Voice communications from 
the GCI activate the loudspeaker in the 
operations van unless one of the controllers or 
assistant contioilen is, by chance, monitoring 
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the line. An, operated key disconnects the 
loudspeaier of the ope»tion$ van while 
coanectinf the heads^ to the GCI line. The 
loOdspMksr is c«it»ily located so that^t can 
be hMTd at each of the six poaitiona. It is not 
shown ia figure 68. 

19-4. ^e FIASH AND RING pushbutton 
(see fig. 67) connect tinging current to the 
selected statiofl line, whereas the RLS 
puihbutton" disconnects the headset from this 
line. The telephone dial permi^ the associated; 
station attendant to dial dkeclly over a £ 
or central office line.-The nu£er of lineyis 
dependent on the type of eSiipmenviad 
organization. To illustrate, the shelf -f^ the 
ground control approach (GCA) system 
pictured m figure 67 indicates the number of 
hnes to be six. Othfir mobUe radar approach 
control (RAPCON) systems may be larger 
than this one. Ukei^e, stationary RAPCON 
systems are larger." Remember: The " dial 
provided as a part of the wall set in the 
control tower is not -used in this mobile GCA 
system. 

19-5. Radio communications are possible 

operator operates a 
PUSH-TO-TALK switch for the transmitter at 
his position. The controUer in the van places 
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Figur« 6S. Position urmngcmtnt of op«r&tioru vtxx. 



the trai^fer key in the RADIO position when 
speaking to an aircraft by means of radio 
cinzuitsvTbe OFF position of the transfer key 
permits controller ^o listen to radio calls, 
but prevehts the controller's voice from being 
transmitted* 

19*€. ^.equest and Acknowledgment 
Signaling Cizmiits, Both visual and audible 
signali^i^ are provided by these circuits. The 
Icey and lamp units permit visxuil indicatiom«^ 
while the loudspeaken and a chime are used 
for audible signaling. The controls and signal 
indkaton for these circuits are located at 
the operations van and in the control tower- 
The operations van is id«itifled as the 
''requesting station/' and the control tower is 



refened to as the '^acknowledgement unit/' 
Three Identical sets of controls and indicators 
are included in the. operations van. Figure 69 
reveals dne set of controls and indicators at 
the requesting station. Figure 68 also ^ows 
the equipment but identifies it with a 
JSSOSSA-*!. Also, you can see that the 
equipment is installed as a part of the 
controUer's shelf in the operations van, 
. * 19-7. The'i operation of the colored 
pushbuttons and lamps results ^ in 
identifidation of the various ph^es of an 
aircfaft landing pxbcedure! 
depression of the WHTTE 
operations van resfiits in flashing WHITE 
lamps and in operating a one-stroke chime at 



For <!xample, 
kgy at the 
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the cpntroi towers the naihing WHITE lamps 
indicate to the qoptroiiBts at the op^tions 
van and, to the. opeiatof* at the tower that a 
plane is a specific ^diitancs ftom the field 
dxmag the .landing approach. 4 tower 
operator acknowlktges by preaung the 
\VHITE puahbuttbk at his position; thus the 
lamps at the toW« and van Ught steadilyr 
When the radaneope (see siSg. 68) indicates 
that the plane has arrived 'at a certain 
position, which is^cioser to the landing strip, 
the controller depresses the AMBER key. As a 
resiilt, the WHITE lamps at the van and tower 
go out and the Ai\f BER lamps at both stations 
flash. Again, the chime at the tower sounds 
<vjce. The tower operator ackno^edg« by 
ptessing an AMBER pushbutton. Hepce,' the 
associated AMBER lamps glow steadily. 

19-8. With the ^rsxvai ~of the plane at a 
thirji designated position, as indicated by the 
radaiscope, the controller presses the GREEN 



pushbutton. Again, the dumc sounds and the 
associated GREEN lamps flash while the 
, <AMBER iamps become dark. The tower 
'Operator depnssai the GREEN pushimtton at 
hii position taackno«1edg». Now the G^EEN 
lamps at each s^tion chanj^ t(Sla steady glow. 

19-9. The RED- pushbuttons operate in a 
manner <opposite to that described for the 
three fonner keys. When the- tower operator 
AprMses the key atiiis petition, the RED lamps 
£%h. Th^ controli& acknowled^, in this 
case, by pressing th.e^^RED key on his shelf. 
Then the R^D lamps cease flashing and glow 
steadily. The reason fpr installing the RED 
key so that the effects apB.opp<aite to the 
previously operated keys is that the tower 
. operator mus^ be. able to alert the controller 
- when ther^ ar^ conditions that do not pennit 
a plane cto^land. Since- red" is symbolic of an 
emergency br reqjUres a stop in the action, we 
can see the reason for using a RED key and 
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- Figure 69. Qowup view of contraJ devices at controller i poiition. 
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Fifur* 70. Tyi^ic&i o^cntor's po«ftiOD In contzoi toirar. 



61 



ERIC 



lamp. The RED lamp is extinguished only by 
the tower opexatcn he presses the RED key 
for 1 second time to put out the Iiap, 
Furthermon; while the RED and lamp 
circuit are op^mted, the GREEN lamp is 
^prevented from operating. 

19-10. The WHITE, AMBER, and GREEN . 
lamps can be extinguished slso by depressing 
the sssodated key for the second - time. 
However, the controller at the van must 
reoperate these keys to restore the lamps to 
normal 

^ 9-11- Let us now consider the function of 
the other devices identified in figure 69, We 
have described visual signaling. Now we wi^ 
talk about the audible communications. 
Although we ix^^cluded the loudspeakers and a^ 
chime as the wdible communications devices, 
a hotline communications circuit includes 
many devices. For example, there must be 
switches for controlling the circuits. Two 
2-position turn switches (PAR and COM) and 
the PTT nonlocking plunger key enable or 
disable these wire circuits. The voice circuits 
between the operations van and the control 
tower are one-way. The precision approach 
radar (PAR) voice circuit is one-way from the 
tower to the van. To precondition this circuit 
for talking, the tower operaVpr turns the 
locking type PAR switch, A^lSmp under the 
lettenj PAR illuminates the surrounding area 
of the panel because of the opaque material 
of which the panel is made. Thus, the circuit 
is identified as being ready for operation. This 
circuit is completed through transmitting 
equip ment in th e to wer and headsets at 
the operations van positions. Each hand 
transmitter at the control tower is normally 
connected with the radio transmitting 
equipment. Operating the PAR switch, in 
conjunction with the PUSH-TO-TALK (?TT) 
switch, at the tower perr ^ts voice reception 
with any controller using the PAR switch at 
his position. Remember: We said previously 
that the controller's transfer key allowed 
voice reception when placed in OFF or 
RADIO The WIRE position also allows voice 
reception when the tower operator has 
pressed the PTT switch and when the tower 
operator and ,controiler have both operated 
their PAR switches. The assistant controller 
receives the voice communications when his 
transfer key is in the same (WIRE or RADIO) 
position as the controller's or if his transfer 
key is in the RADIO or OFF position when 
the controller's transfer key is selected for 
OFF. 

19-12. The one-way tower-to-van 
communications (COM) voice line is similar to 
the precision approach radar circuit. You first 



op«]»t« tht COM «Witch to precondition tha 
circuit Mad then the PTT switch to originate 
th« call, and the controller or controUen 
operate tht COM twitch in th« van to receive 
the communicationi. The auistant controllers 
would operate the transfer key in the same 
manner deuhbed in the last paragraph if they 
desire to receive the message. The operated 
COM switch likewise illuminates the letters 
COM of the controller, equipment panel (see 
fig. 69). 

19-13. The voice frequencies originating at 
the van are transmined to the tower when the 
controller depresses the PTT key. In addition, 
he must place the transfer key in either the 
WIRE or RADIO position. The operated PTT 
key also results in lighting the lamp under the 
front panel and the letters PTT. At the tower, 
fioUpwing the depression of the PTT key, the 
one-stroke chime is operated to alert the 
operator- of the incoming call. NOTE: This 
towtf chime also op^ted following the 
depression of the colored keys on the 
controller's shelf. A controller's position also 
has an audible device for alerting the 
controller, to warn him of an incoming call. 
The BUZZ turn switch, shown in figure 67, 
permits use of this buzzer or the silencing of 
it. 

19-14. The ON sVitch (see fig. 69) must be 
turned to the ON position before any lamp 
(except the RED lamp) can operate. When 
operated, it also illuminates the area of the 
panel under the ON. 

19-15. We noted that Spare 69 showed 
one set of request and acknowledgment 
controls. Also, you learned that the 
operations van has three sets of these 
controls. The control tower also has two sets. 



CAaiN£T SUPPORT ASSEMBC^ 




Flgaxm 71. Patching pmtl for recortiing equipmmt. 



In addition^ tht control tow«r hai a 
lou cUp €ak f r commoa to eich poiition. Figun 
10 iUustxmtti a typicai coptroi towtr petition, 
tht spMiuv inductef a voluma central for 
deteitniniBg the intraiity of the voite ou^ut 
and a pilot immpt which indicmtts when power 
is being provided to the speaker. 

19-16. Return to figure 67 and note the 
dark environment lamp bhghtnMS control 
This variable resistor provide uljustment in 
the circuit resistance of the lami^. If you 
desire more light in the darkened van, turn 
this control until you get the lamp brilliance 
that you desire. However, this resistor is used 
in conjunction with the LP CONT OFF-ON 
switch, 

19-17. The six positions of the operations 
^ van are usually assigned so that some of the 
controller and assistant controllers receive 
the COM one-way calls and the remaining 
personnel receive the ^AR one-way calls* 

19-18. The PAft and COM switch 
orlginaied one-way communications can be 
recoideq. The PTT switch originated circuit 
(talk circuit of van) is not connected to the 
recorder. The recorder jack patch assembly 
shown in figure 71 provides this activity. To 
complete the connections between the 



individual doing the speaking and th^; 
rocordn, you use patch cords. A patch cord 
connects between the recording instrument 
jack iJKL) and the controiiir's jack 
(attendant's circuit for the position). ^ , 

20. Prindpte of Operation 

r 

20-1. At a sporting events you have seen 
people . MUing programs. The vemlors often 
use esqiressions^that mean c^ntially this: 
'^Tou csm't follow the action without 
. knowing the people^ and the positions'.'* We 
think that you wUl likewise need to know the 
components of this eq\d{&ient and their 
position or location in order for you to follow 
the a^on ( operation) of the dzcuita. Thus, 
we first describe equipment location* Then« 
we disclose some of the circuit operations. 

20*2. Equipment Location. You know that 
the relay equipment for a lAl key system is 
installed in an apparatus . cabinet. 
Furthermore, this cabinet - is normally 
installed so ^at there is limited distance 
between the ''key units and the associate 
telephones. The 302 Switching Unit also has 
an apparatus cabinet and a separation 
between the cabinet and the telephones. 
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There is additional separation between the 
operator's controls and the apparatiu cabinet 
since th^ controls and the appantiu cabinet 
are not a part of the telephone. Figure 72 
indicates that the apparatus cai^et is in the 
control tower. Secondly, this iUustration 
, shows that there is a power van in addition to 
the operations van. The station telephones are 
connected with cable to the power van 
equipment cabinet, not to the apparatus 
cabinet. The maximum distance permitted 
between the two vans and the apparatus 
cabinet is 10 miles. The cable between the 
two vans is normally 40 feet long. 



20^. The apparatus cabinet (also listed as 
telephone relay rack) is hot Urge enough to 
contain all the circuit.equipment for the three 
positions ol the op«»tioas vans and ^« two 
positions in the contrdM»wtr. Hence, in the 
power van you will find equipment serving 
the positions of the operations van. Figure 73 
reveals the placement of components for 
three positions. The numbers J53009CW-2 
and J53009CY-1 identify the specific 
equipment units. To illustrate, J53009CW-2 is 
a unit that includes relays CI, CT, TR, WTl, 
TBI, and TB2, as well as other devices. 
J53009CY.1 includes relays WT2, TBS, TB4 
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Figyrt 73. Power vin dqtxipmtGt cabintt, front vi«w. 
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Figit;« 74. Controi tower tppantui etbinet. 



and other devices. Duplicate umt3 for other 
poiitionft ar« included on the rear of this gate. 
Additional units an installed there, too. For 
mstance, the J53033S (PBX or central office 
signaling) unit and a ringing source are placed 
there. Figure 74 iiiu*tntis a telephone relay 
rack of a control tower. Again, the e<(uipment 
units an identified in the manner already 
deschbed. For example* equipment J53033F 
includes relays AC(I)« AC(2), AC(3), and 
.4.0(4), and associated devices. 

20-4, Figure 72 provides . a review of 
information discussed in Section 19. To 
illustrate, then an two communications 
circuits for the GCI station, and visual 
signiding is only pos^ble at the operatiutti van 
and the control tower. Likewise, the 
arrowhead arringemfnt on the visual signaling 
lines extern^ between the operations van, 
the ^power van, and the control tower show 
that the circuits permit two-way op«ation: 
Either the tower operator or the controller 



can originate the signal and light the lamps of 
the distance station. Furthermore, figure 72 
shows a one-way voice circuit between the 
operations van and the control tower, and 
two one-way voice circtiits that begin at the 
control tower and terminate at the operations 
van. You must rem^ber that the van 
penonnel press the PTT switch to originate 
the call to the tower and that the tower 
operator first operates the PAR or COM 
switch to prepare his one-way voice circuit, 
after which he depresses- the FIT pushbutton, 
which permits his voice to be received by the 
van persoKu^el.^ 

20-0, Circuit Operation. We know that 
there are many features required during a call 
progression. Consequently, several circuits are 
necessary to meet the requirements. In 
addition^ various typ« of calLfare provided. 
For example, telephone calls are made - here 
the central office provides the hnging, and 
station calls are made that require ringing 
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cun^hTfroaa tht switchinf unit powtr souree. 
Ther»rorf, circuit* «z» providKl th«t product 
th«» vtrittions. W« wiU iUuitntc and 
desctibc « hsa^ud numbcf of tht circuit 
optiitioni. Thif tffort should pnpan you for 
your auignmtnt to t work ctnter that hai a 
302 Switching Unit instailtd. 

20-6. Station iint atltetion. You Itamod 
that a depressed PICKUP kty for a lAX key 
system optnitcd the A i«iay in a KTU. The 
same result is provided with the 302 
Switching Unit. However, the controller must 
do more than press (he LINE PICKUP key 
Look at foldout 5 as you think about this 
imcx sutement. It shows the LINE key at the 
lower left and the A reUy at the upper left 
Let US find out how they inteixjonnect. Note 
the controller's headset, the controller's 
wireline transfer key, and the SL relay. E&ch 
of- these devices affects the A r^y circuit 
Contact EMBX2 of relay SL must operate to 
complete the operating circuit for relay A 
Accordingiy, the SL relay must operate 
before relay A can operate. Yet, to operate 
relay SL you must connect a ground potential 
to the terminal identified as K to the left of 
the relay. The operated LINE key partially 
does this. The additional' unit that connects 
the ground potential to relay SL is the 
operated relay WTl. To operate relay WTl 
you must place the transfer key in WIRe' 
(Either selection OFF or RADIO resists in 
opening the circuit for relay WTl.) In 
addition, the operating cirdiit of relay WTl is 
completed by the installed controUer's 
headset. Thus, we now realize that you must 
msert the plugs of the headset into the jacks 
operate the transfer key to WIRE, and pres^ 
the LINE PICKUP key when selecting a 
telephone line. Remember: The PICKUP and 
transfer keys, as well as the headset, are in the 
operations van. But, the SL. WTl, and A 
relays are in the equipment cabinet at the 
power van. 

20-7. The operated SL relay provides a- 
nolding circuit by operating contact EMB8, 
completes the operating circuit for the 
supervisory lamp with contact EMB5, and 
partially completes the H relay's opeiatinB 
circuit with contact EMB7. At the same time 
the operated contacts EMBl and EMB4 of 
relay SL connect tip and ring of the telephone 

^® termination equipment of 
the 302 Switching Unit. 

20-a. The operated relay A of the station 
Une signaling circuit connects contart 3 with 
contact 4B to light the LINE or BUSY lamp 
Top conucts 2 and 5 open foUowing the 
operation of relay A to prevent the operation 



of relay L. Otherwiit, relay L would operate 
rnth tht lifting of tht ttltphont handstt from 
tht crmditiwitch. la conjunction with the 
optntvd A rtUy. itii^ PL lad C optrstt. 
Contact 2 of operated PL completes the 
optrmting circuit of relay S. Tht optrattd S 
relay co.'wects • 20-cycle ringing current to 
contact* 4 and 7. 

20-9. Wtf.have said that you selected a 
station ttlti.\hone lint -which requires ringing 
current from the power via. You must then 
press the FLASH AND RING kty. As a result 
of this key optfration, relay FR operates. The 
operated contacts EJ4B6 and EMB8 of relay 
FR extend tht 20<yclt ringing current from 
contacts 4 and 7 of relay S to it line for the 
telephone station. 

20-10. Tht lifted liandset at the caUed 
telephone provides a complete circuit for 
conveaation between tht two people. 
Foldout 5 shows that contacts EMBl and 
EMB4 of reUy SL and EMB6 and EMB8 of 
relay FR are included in this communication 
circuit between the telephone station and the 
controller's headset. 

20-11. Holding a station line. You are 
aware also that aU lines in the 302 Switching 
Unit can be held while you perform another 
function. Again, this holding condition is 
accomplished by pressing a HOLD 
pushbutton. It is evident in foldout 5 that 
two H relays operate following operation of 
the HOLD key. Contact EMB7 of the 
operated SL relay completes the operating 
circuit for relay H in the station line signaling 
circuit. As a result of the H relay operations, 
relays A, PL, and C return to normal. The 
released A relay releases contacts 2T and 5T 
thereby operatmg relay L. This operation is 
the result of the telephone station attendant 
faavmg lifted his handset. Contact 2 of 
operated relay L completes the holding circuit 
for both H relays. We know that this holding 
circuit u required because the HOLD 
pushbutton does not lock operated following 
depression. 

20-12. Several methods for releasing the 
line are possible. You can operate a second 
UNE key, the RLS key. the transfer key to 
RADIO or OFF, or remove the controUer's 
headset from J53033P-1. 

20-13. Analysis of the RLS key 
connections, shown in foldout 5, reveals that 
thii operated key connects ground to relay 
CRl. As a result, relay CRl operates. 
Operated contact BM12 of relay CRl 
completes the operating circuit of relay CR2 
and opens the holding circuit for relay SL. 
The operated CR2 relay opens the operating 
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Figure 75. OptnUog oreuit for niay A trhtn 
ootmMt«4 with cvntrtl offic* Unt, 

cunait of reUy CRl. Tiw rtleastd SL rtiay^ 
ope^ the opcnting circuits of reiiys A, PL, 
C. H« and tht HOLD or SUPV limp* R«Imm 
of the RLS key returns relay CR2 to normal. 
Now the equipment is prepared for another 
selection. 

2044^ Central office or PBX linrul^ctioru 
When considering the ifkction of a telephone 
that IS connected irith a central o£S^ce, we 
&id thmt the circuit is slightly different from 
the station line circuit. Tlie instructions near 
the top center and above the PL and C relays 
on foldout 5 indicate that the A relay of the 
central office line signaling circuit connects to 
the J lead. Using this information, try to 
visualize a relay A and the contact BMBl 2 of 
relay SL connected to the J lead. You should 
realize that the operated SL relay for this 
selected circuit completes the reiay A 
operating circuit. However, in this case, only 
the relay C operates in conjunction with the 
A relay. Look now at foldout 7. You will see 
relay C at the left center of this illustration. 
Remember: Negative battery is connected to 
reiay A to complete the operating circuit for 
relay C* Figure 75 is a line drawing of this 
compl^Hed . circuit. Contacts 3 and A of 
operated .t^Iay C (FO 7) connect reiay CB to 
ring side cf the line. Note that contacts 1 and 
3 of relay S and contacts 5T and 6 of relay 
CT connect relay CB to tip of the line. You 
learned that resistors in parallel result in less 
resistance than either resistor has separately. 
Relay CB has two wtndinp in parallel. This 
reduced rFsistance across the central office 
line caus^i a relay to operate in the central 
o ffic e ; thus , it starts th e call progressing 
through the central office equipment. Return 
now to our foldout 7 and the 302 Switching 
Cnit equipment. At the same time that the 
central office equipment progresses the caU 



forwtrd, it rttuisa* powtf to the CB relay, 
thus operating it. B«fort we consider the 
tffectt of the optirtted CB relay, let u.^ 

20-15* Contacts 1 and 2T of the operated ^ 
C reUy complete the operating circuit of r^y 
CI. ContacU 3 and 4B of operated relay CI 
Ught the DIAL lanap and shunt the ^^A"^ 
suppression circuit. They also connect ground 
pot«ntiak.to relays TBI and TB2 (see FO 7). 
Contacts 3 and 4T of this same relay connect 
24 volts n^^e battery to relay RS. Relay 
RS now operates. ^ Contacts 1 and 2B of 
operated relay RS complete, a duplicate 
circuit to the 3 and A contacts of relay C and 
therefore insure a connection between relay 
CB and ring ^e of the line* Operated 
contacts 3 and 4B of relay RS complete a 
coimection for the operating circuit of relay 
CT. Contsucts 4 and 5T of operated relay RS 
short-circuit the receiver of the controller's 
headset. Figure 76 illustrates this circuit to ^ 
the receiver. Of course, you must recall the 
activities described in paragraph 20-6 in order 
that this circuit can be completed. We learned 
in that earlier description that relay WTl was 
operated. Foldout 7 illustrates that the make 
contacts 3 and 4T of operated relay WTl 
complete the operating circuit of relay WT. 
Contacts 1 and 2B, plus 4 and 5T, of operated 
relay WT, make required connections for this 
receiver short circuit. Operated contacts 4 and 
5B, plus 7 and SB of this same relay ^ connect . 
the transmitter of the controller's headset to 
the primary winding of the ** A*' induction 
coil. 

20-16. We^ learned that reiay CB has 
operated. Contacts 1 and A of operated relay 
CB are included in the operating circuit for 
relay CT. Contacts I and 2T of operated reiay 
CT provide the relay a holding circuit while, 
at the same time, contact 1 breaks from 
ebntact 3 to open the operating circuit of 
reiay RS. Contacts 7 and 8T of cjperated relay 
CT connect the secondary of the ^ '*A** 
induction coil to the ring side of the central 
office line. Operated contacts 1 and 2B b/ 
reiay CT connect the receiver of the 
controller's headset to the secondary of the 
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Figurt 76. Short cirtutt of controU^'s hMclMt 



Figure 77. DLiUng shunt for controUtr's rectiv«r. 
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Tifur* 79. DC circuit fdr op«rfttmg th« coattaU«r's timnsmitt«r. 




"A*' induction coil. The duplicate circuit 
comiectipn between xeiay CB and ring of the 
line, which was formed by contacts 1 and 2B 
or relay RS, is now replaced by operated 
contacts 5 and 6B or relay CT, Contacts 4 and 
5T of operated relay CT connect tip of the 
central office line to the 4*condary of the 
*'A" induction coil. Furthermore, contact 5T 
Ui separated from contact 6 by the operated 
CT relay to open the low-impedance 
nomnductive winding of relay CB, Since the 
central office equipment is operating, this 
incre^ised resistance of the CB relay circuit 
wiii not have any major effect on the call's 
progression. 

2047. Having the central office connected 
with the 302 Switching Unit following your 
selection of the line, you should hear a dial 
tone in the controUer's headset receiver. Now 
you can dial the number 

20-1 AVe know that the major results 
from the operated dial are in the central 
office equipment. Yet, some dianges are 
made to the 302 Switching Unit circuits. 
Again, look at foldouf?. At the left of the 
page you can see the syjnbol for the dial. The 
operated dial makes two contacts. One 
contact directly connects nng of the central 



office line to tip of the same line. As a result, 
relay CB is momentarily released in this 302 
Switching Unit. The second contact 
short-circuits the controller's receiver for the 
second time. Figure 77 illustrates this new- 
shunt circuit for the receiver. The restored 
dial reoperates the CB relay and removes the 
shunt of the controller's receiver. 

20-19. The lifted handset at the called 
telephone provides a complete circuit for 
conversation between the two people. Figure 
78 shows the circuit between the tip and ring 
of the line selection circuits and the receiver 
of the controller's headset. You learned, too, 
that dc is required for a telephone transmitter 
when a person speaks into it. Figure 79 
illustrates the connections for relay TBI, 
which is the relay that provides dc to the 
transmitter. In addition, it si^jyvs the 
connections between the controller's headset 
transmitter and the induction coil primary. 
Relay TB2 provides dc to plugs C and D, 
which serve as reserve connections for the 
controller's headset. Plugs A and B are 
normally used because their circuit has 
provision for an emergency battery, 

20-20. Foidout 7 shows the emergency 
talking battery supply to the right center o'f 
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Fifup* SO. Emergtncy battery circuit. 



Fijfur* 81, Holding circuit fcr H reiay. 
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the iiiuslxation. It becomes effective when 
there is power failure; thm all relays are 
released. Relay AB is one of thet* relays. It is 
nonnally operated; hence it ke^ contacts IB 
and 2 plus ST and 9 from shutting capacitors 
PI. and PI 2. Following release of relay AB 
and the shunt pf these two c^sacitozs, the dc 
circuit for the emergency 3 volts of power is 
complete throuj^ the controller's headset 
transmitter. Figure 80 illustrates this circuit 
20-21.,Ho/diflf d central office or PBX 
line. Wt need circuit differences when 
makmg a station line selection and when 
making a central office or PBX line selection. 
For example, the PL relay operated when 
selecting a station line but did not operate 
when selecting a PBX. or CO " line. 
Accoroin^y, there will be differences in the 
effects that result from operating the HOLD 
key. For one thing, when the selected line is 
served by a central office or PBX, relay PL 
cannot be released following the operation of 
both H relays. Secondly, there is no L relay in 
a PBX or CO signaling circuit. A pair of 
contacts on the A relay are used to complete 



the H relay holding circuits following release 
of relay A. Figure 81 is a line drawing of suc^ 
a holding circuit. £em«nb«r: Several lines can 
be held at the same time and any held line can 
be melected by pperatiiig the associated 
LINE key. 

20-22. Centmi office or PBX line release. 
The equipment release for the CO or PBX line 
is done in the same manner as described in the 
last paragraph. As a ren;ilt of your depressing 
the RLS key, relays CRl and CR2 operate in 
the way previously described. Also, relays SL, 
A, C, and H release. Returning to foldout 7, 
we can analyze the after effects of the release 
of lelay d. The released C relay opens the 
operating circuit of relay CI and one parallel 
connection to relay CB. The released CI relay 
releases' the TBI and CT relays, and 
extinguishes the DIAL lamp. The released CT 
relay returns relay CB to normal by opening 
contacts 5 and 6B {the second parallel 
connection for operating relay CB). Operation 
of the transfer key to RADIO or OFF returns 
the eqilipment to normal because either 
position selection opens the operating circuit 



•It 



9: 



\ - - S 



IS s 



11- 



i : 



6 " 



-ro- 



— r-? — 




cu, 



figure S2. Flaiiijiiig lamp and audible signal control circuit. 
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of reiay WTl. Removal of the headset &iso 
returns the equipment to normal. The 
restdred WTl relay releases relays WT and SL. 
The released SL ptiay opens tlie operating 
circuit of relays A and C. The results that 
• follow the release of these relays have already 

been described. 

20-23. Incoming signal, flashing lamp, and 
answenng. The actions that result when a 
person selects our 302 Switching Unit for a 
call are com parable to whj'.t you learned with 
the lAl and IA2 key systems. To illustrate, 
the incoming call causes a lamp to flash and 
then.^ollowing your operation of the controls 
to answex the call, the lamps change to steady 
and the traiismission circuit is complete. Of 
course, you perform more operations with the 
302 Switching Unit, and the nomenclature of 
the devices may deviate from the former 
systems. We are not going into the operational 
procedures that produce the circuit effects 
because you should be able to determine 
them now. In an effort to help you recognize 
the circuit devices and their effects, we will 
list most of them. 

20-24. The ,-4ifted handset at the 
telephone station operates reiay L m the 
station line signaling circuit. The operated L 
relay, in turn, starts a reiay operational 
sequence which flashes the lamp. This 
sequence is sm:ilar'to the method used in the 
lAl key system wnere the FA, FB, WS, WT. 
and W relays provided winking lamps. In this 
system, relays FL, ST. A, B, and FLI provide 
the interruptions in the lamp circuit. 
However, the interruptions are of longer 
duration than was the wink so that the lamp 
provides a flashing effect. Figure 82 includes 
these flashing circuit relays. NOTE: We are 
not showing the foldout that has relays L and 
FL and the connections between reiay L and 
relay FL of the J53033N unit or the FL 
connections between the J53033N unit and 
the J53033M unit (fig. 82) because we must 
limit the number of complex circuits and 
diagrams that we use in the manuscript. We 
ask you to take for granted that the ground at 
contact 12 of relay FLI {fig. 82) completes 
the operating circuit for a reiay FL. 
Furthermore, remember that contacts of the 
operated L and FL relays complete the 
operating orcuit for the LL\E lamp. The 
operated FL reiay. in turn, connects ground 
to reiay ST (aLso shown in fig. 82). 

20-25. Operated contacts 5 and 6T of 
relay ST complete the operating circuit for 
reiay A (S€« Qg. 82). Then the operated reiay 
.A completes the operating circuit of reiay B. 
The operated B relay opens the operating 
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circuit of reiay A. Now the operating circuit 
reiay FLI is complete. Included in this 
operating circuit are contacts 3 and 4T of 
relay B and 2 and 17 of relay A, The opemted 
relay PLl disconnecti ground from leads FL. 
Consequently, relay FL ' is released. The 
released FL relay opens the LINE lamp 
circuit. Your analysis of figure 82 should also 
disclose that the released relay A opens the 
operating circuit of relay B. The released B 
reiay returns relay FLI to normal while 
completing the operating circuit of reiay A 
again. Here again, the circuit is prepared for 
the reiay operational sequence which provides 
an interruption in the lamp signaling circuit, 

20*26. Since you would normally have the 
headset inserted in the associated A and B 
jacks, you then respond to the flashing lamp 
by making aire that the transfer key is m 
WIRE and operating the LINE key. As a 
result, relay SL operates to complete the 
operating circuit of relay A (FO 5), complete 
the circuit for the SUPV lamp, and connect 
the originating station with the transmitting 
circuit of the controllers. The operated relay 
A makes the contacts that light the LINE 
lamp at the three operations van positions 
steadily. The same contacts lhat provide the 
steady power to the lamps open the flashing 
lamp circuit. You- should also recall that the 
operated A relay opens a set of contacts that 
prohibit the L reiay from operating. 

20-27. The incoming voice signal from the 
GCI station is different in that the 106B 
loudspeaker for the operations van is used. 
The voice signal line from this station is 
connected to contacts of the A relay. The 
incoming voice is heard by the people of the 
operations van; then one of them operates the 
LINE key. Consequently, the A relay is 
operated. This operated relay opens the 
loudspeaker circuit while connecting the 
talking circuit of the controller with the GCI 
station telephone line. 

20-28, White lamp signal at requesting 
location. We learned when describing the 
request and acknowledgment signaling circuits 
that you mm the ON switch and depress the 
^ WHITE pushbutton when making a request. 
Foldout 6 will permit us to analyze the 
effects of these two control operations, 

20-29. Before we consider the circuits, 
however, let us note some of the features of 
this schematic. At the left side of the 
illustration you can see a block labeled 
OPERATIONS VAN. Withm this block is a 
smaller block. The latter block represents the 
J53033A key and lamp unit, which is 
installed m' the operations van. The key and 
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Figure d3« ON lamp operating circuit. 

lamp unit is shown to have eight Iam|» and 
eight keys. Petitioned near the key s^boi 
are contacti that complete or break tircxiita 
following operation of the key. For example, 
by preasing the RED key you connect ground 
at contact 6 to the A4 lead. The A4 lead is 
also connected to connector pin 26 of the 
cable for the operations van. This cable is 
multipled with position 2 so that the lamps at 
each position will operate when the key is 
operated at any position* Lead A4 is farther 
connected to lead A4 in the power van. In 
this power van the A4 lead is also multipled 
to position 3. This cable that extends between 
the two vans is shown terminated with 
the J53033C equipment cabinet in the power 
van. Included as units of the equipment 
cabinet are the J53033H, J53033B, and 
J53033F equipment. The A4 lead is 
connected with terminal 36 of the terminal 
stnp for J53033B. Tracing this A4 lead 
further results in observing its connection 
with CRl and relay A4. 

20-30. Now, let us consider the operation 
of the ON key. Fiist, the operated ON key 
results in lighting the ON lamp- The 24-volt 
battery potential for this lamp is connected to 
contact 1 of the ON switch. The ground 
potential for this lamp is found in the dark 
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Figurt 85. Operating dretait for relay Kl. 

environment lamp control circuit, Foldout 4 
is a schematic diagram of this latter, control 
circuit. Figure S3 illustrates the/operadng 
circuit of the ON lamp. Remember: The 
operations van personnel normally work with 
the overhead lights either dim or off so that 
they i»n read the ' ndancopes more 
efficiently. So, the LP CONT switch ii 
regularly poeitionad at ON. This switch is at- 
the upper r^t in foldout 4, When this switch 
is ON, the CO relay is released. In addition, 
the R4 vanable resistor pemiits you to adjust 
the Intensity of the Isonp. You make this 
change in the lamp bnlliance-^y changing the 
voltage at the D leads. Th^ leads are shown 
at the lower left in fqldout 4. You should 
realize from your tracing "of foldout 4 that 
there is a completed dc circuit at all times for 
the Q2 transistor. The negative voltage for 
this circuit is at contact BMS of relay CO. 
From this contact you trace the terminal 21 
of terminal strip throui^ resistor R6, 
resistor R4, resistor Rl, and then to ground 
through the Q2 transistor. Of course, 
transistor Ql and resistors R2 and R3 form a 
parallel branch to R6, R4, and Rl. Together 
the two branches permit you to determine the 
current in the position lamps. For example, 
the movement of the slider on R4 changes the 
voltage at the base of transistor Ql. As a 
restUt the current in Ql is changed. Ail 
current changes in Ql are likewise observed in 
transistor Q2. Since Q2 is in series with Rl, 
R4, and R6 and they form the D lead 
regulator circuit, this current change causes a 
different voltage to be reflected at the D 
leads. Ground potential is at the D leads when 
the LP CONT switch is turned to OFF, 

20-31. Depression of the WHITE 
pushbutton likewise lights the WHITE lamps 
for the three positions in the operations van. 



Fifur* 84. WHITE lamp op#rtting circuit. 



Figure 88. Op«r»tmf circuit for reUy A in J53033M 

unit. 
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S4 illustntM the optnting circuit for 
one pofition lamp. Since coatscta 5 and 6 of 
the ON iwitch ire includtd in this lamp 
circuit, it U evid^t that the cixcmt would not 
be complete without youf haviaf op«sated 
the ON switch iSnt. Also, since transiitor Q2 
is induded in this lamp circuit, it is obvious 
that the a4|u&tment of variable reiistoi R4 
\controli the brightness of this lamp. NOTE: 
The 0 lead of foldqut 6 is- not shown with 
multiplying connections^ to the aisodated 
positions. Hence, one dark environment lamp 
control circuit is used for each position. 

20-32. You ahould remember that the 
WHITE lamp must flash when you press the 
button for requat. The operational sequence 
that flashes the lamp includes the FL relay, 
which is operated when the power is Uiroed 
on for the equipment. This FL rday is near 
the middle of the page in foldout 6* Operated 
contacts 5 and 6 of the WHITE switch start 
this flashing because they connect ground to 
relay Kl in the J53033B unit. Figure 85 
showf the of^arating circuit of relay, Kl. 
Contact Ml of operated relay Kl completes 
the operating circuit of relay BOl. Relay BOl 
remains operated following your release of 
the WHITE pushbutton because of its holding 
circuit through contact EMB8. This 'operated 
contact 8 also completes the operating circuit 
for relay BRl. The operated BOl relay 
connects ground at contact EBM12 to the 
STl lead, which in turn is connected to relay 
A in the flashing and audible signal control 
unit {fig. S2). Figure 86 illustrates tfas 
operating circuit for relay A* We learned that 
the A relay works in conjunction with the B 
relay and the FLl relay. The operation and 
release of relay FLl, in turn, releases and 
reconnects contacts IIB and 12, These 
contacts then release and reopeiate the FL 
relay (see foldout 3), While the FL relay is 
released, the operating circuit to the WHITE 
lamps is open. Then the reoperated FL relay 
completes the operating circuit of the lamps 
again. The multiple connections for the cables 
provide the lamp circuits to positions 2 and 3. 

20-33. Flashing lamp is also required at the 
control tower. The connection that provides 
this response is shown at the center of the 
page and near the bottom of foldout 6. By 
tracmg the LI lead from this point you will 
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Figure 87. Shunting circuit for r«iay BOl. 



Flgurt 88. Opmting circuit for reUy PTl. 

find that the intermittent operation of relay 
FL also places 24 volts negative battery at 
interrupted intervals to an ac relay circuit of 
the conUol tower. Accordingly, the release 
and operating sequence of the FL relay 
releases and reopemtes the associate control 
tower AC relay. The affected AC relay opeixs 
and makes contacts that flash the WHITE 
lamps at the tower positions* The tower 
equipment is not shown in foldout 6; 
therefore you caimot t!^ce all the connections 
j while ^xsm% the illustrations of this course. We 
repeat, we have inchided a minimum of 
illustrations, so you must use technical order 
foldouts to trace all of the complete circuits, 

20-34. The tower operator operates his 
WHITE pushbutton to acknowledge the 
request signal This action stops the flashing 
of the WHITE lamp. The operated WHITE 
button in the tower connects groimd 
potential to lead BI, (see the bottom left 
center of foldout 6), Thus, relay AC(1) 
operates. Contacts 2 and 5 of operated relay 
AC(1) complete the operating circuit for relay 
Al, Operated contacts EBM3 of relay Al 
complete a holding circuit while, at the same 
time, removing the ground potential to lead 
STl. Accordingly, this removal of ground 
potential from the flashing signal control 
circuit prevents the sequence relays from 
flashing the lamp. Contact EBM 2 of operated 
relay Al connects uninterrupted 24 volts 
negative battery to the tower lamps. Contact 
EBMl of this relay provides the steady 
negative battery to the WHITE lamps at the 
operating van. 

20-35, The flashing arid steady lamp 
operating principles for the AMBER and 
GREEN lamps are the same as for the 
WHITE- The difference in tracing their 
circuits is that you use lead L2 and relays. K2, 
B02, BR2, and A2 for the AMBER lamp and 
lead La, relays K3, 803, BR3, and A3 for the 
GREEN lamp- 

20^38, Relays K4, B04, BR4, and A4 are 
used with the RED lamp, and they function 
in almost the same manner as do the 
preceding relays. However, we know that 
there must be a difference, because the RED 
lamp flashes only when the tower operator 
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presMi the RED puahtnitton at l>is poiition. 
Then the lamp becomes steady following 
the oper&tion of the &£D button the 
coptroUer's position* Thi^ 'equipment 
functions in the desixed menhm because the ' 
operated AC(4) xelay completi^ ti^ operating 
circuit for relay K4. Operated contacts S and 
2 of relay AC(4) connect ground to lead B4, 
thereby operating relay K4, Operated relay 
K4 does the same functions as previously 
d^ribed; for instmice, it completes the 
operating circuit for relay B04, connects 
ground to IpiH STl of the flashing signal 
control circuit, and connects interrupted 
negative battery to the RED lamps. When the 
controller presses the RED pushbutton, he 
connects ground potential to the A4 leady 
This grounded lead operates the A4 relay. The 
operated A4 relay removes ground from the 
STl lead while connecting uninterrupt^ 
negative battery to the RED lamps ^of tiie 
operations van and control tower. NOtE: LC" 
the controller makes a request by pressuag the 
RED button, the described conditionsprevent 
the RED lamp from flashing. To illustrate, th^ ^ 
grounded A4 lead operates the A4 relay. 



which in turn completes tlie of^irtting circuit 
of r^y K4 with . operated contact EMS. 
Secondly, the ground connection, which 
st&rti the \flashiilg signal control relays 
operating in sequence, is opened at contact 
EBM12 of relay vA4. At the same time, 
negative 24 volts battel^ is connected to the 
REDlampv ' 

20-37, The operation of subsequent 
colored pushbuttons extinguishes the lamp 
that preceded it. Fok^example, the operation 
of the AMBER button restores relay Al. 
Foldout 6 shows |he connection that releases 
these ^^lays* Contact B9 of released relay B02 
provides the - 24 volts for relay BOl, Yet the^ 
operation of the AMBER button completes^ 
the operating circuit of relay K2 * The 
operated relay K2 then operates relay B02, 
Now relay BOX must restore* Research of the 
connections for e^h of the BO relays will 
reveal that the operated RED button shuts off 
the GREEN lamp. Also, the operate<;i GREEN 
button shuts off the AMBER limp* Further- 
anaiy^ reveals, however, that the operated 
BO rel^y for the fourth circuit (B04) does 
not prevent you from signaling that another 
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Figui* S9. Schtnutic diaifrmm of on*-w*y voice circuiU in 302 Switching Unit. 
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aurpun* is tppxoaching. You c&n pnu the 
WHITE and AMBER pluhbuttot^ to kicntify 
the plant po«itioiu whilt the RED lamp 
cizctut is optxiting. NOTE: With th« AMBER 
lamp and ciscuit op«ntfd. foUowing 
dtpr^siion of tht AMBER pushbutton to 
extinguish the WHITE lamp, you can pxess 
the WHITE 'button again. As a result, the. 
WHITE and AMBER lamps will glow 
simultaneously. The -<a4-volt battery 
potential at contact Ml of relay BR2 maikes 
.this feature possible. / 

20-38. A lamp can be extinguished by the 
request .originator through his operation of 
the associated key for a second time. To 
illustrate, assume that the WHITE lamp is 
without interruption. This 
condition prevails because relays BOX, ^Rl, 
and Al «^ operated. Now your depression of 
the WHITE button for the second time 
reoperates the Kl relay. M a result the 



ground potentiai on contact Ml at relay Kl is 
extended to contact EBM2 of operated relay 
BRl. Since this EBM2 contact is now 
connected with the ZV tenmnal at the 
windip of relay BOl, the relay is shunted. 
Figurl^7 iilustsstes the shunt circuit. The Al 
relay, is restored bec&uae of the release of 
relay \^1. Having restored relays BOl and 
Al, you release the WHITE switch. This 
actusn restores the Kl relay. The ground at 
contact Ml is thus removed' from the 
operating circuit of relay BRl. Thei three 
relays .(Al. BOl, and BRl) are now normal 

' 20^2. One-way voice selection, Foldout 6 
shows the yoice circuit components incli^ded 
in the power van. We have seen that the 
components in this van are under the control 
of the controllers and assistant controllers. 
For this reason we will consider the 
operations van-to-contfol tower talking 
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circmtt which is originated by a controller. We 
a£« al5o aiiuming that you an at the &xst 
controller poiitioQ when oripnagog tht radio 
call. Your opera^dn of the PTT pushbutton 
starts the procedure* You am see that 
contacts 2 and I of the PTT button complete 
the operating circuit of relay PTl- Figure 88 
shows this relay operating circuit. Operated 
contact 8 of relay PTl completes the PTT 
lamp operating circtiit. NOTE: There are 
thrw PTl relays, one relay for each of the 
three positions. Yet, the PTT lamp at all 
positions operate re^xdless of the relay that 
is operating. This feature results from the 
connection provided by contact 8 at each PTl 
relay. 

20-40. Contacts 4 and 3 of operated relay 
PTl complete the conni^:tions between the 
controller's radio and wi\*e termination (see 
FO 7) and the primary of the **A" induction 
coil. The voice circuits an> shown wita heavy 
black lines- Accordingly, ihe primary' *of the 
induction coil is connected by means of leads 
13 and 14 to the controller's headset, and the 
secondary of the induction coil is connected 
with tip (T) and ring (R) at the tower Figure 
89 shows that the T and R leads terminate at 
the loudspeaker in the control tower 

20-41. The operated PTT pushbutton also 
completes the operating circuit for relay CH 
in the control tower. The method used for 
operating this relay is' different from any of 
the previously d^icribed circuits. In this case a 
simplex circuit is used. Figure 90 should 
enable you to analyze the CH relay operating 
cucuu. You can see that the operation van 
connects -24-vQlt battery potential to the C 
lead. This C lead is terminated at the center 
point of two coils. From this midpoint the 
circuit splits so that the circuit current has 
two paths to the tower You know that two 
paths (branches) are indicative of a parallel 
circuit. Furthermore, the total resistance of a 
circuit containing parallel branches is less than 
the resistance of either of the branches. 
Reduced resistance results in greater current 
m Che circuit and m greater distance between 
the van and tower. The two branches are 
formed into one path ^gassn'SBfor*v.eJ^^^J^^ 
thj? CH relay- This p^e^ead is also r?f^rred to 
as the C lead. / 

20-'42. The on^ conductor leading from 
the opposite side &f the CH reiay^is referred 
to as Gl, The Gl I^ad is also installed so that 
it forms a parallel circuit between the tower 
and the power van. Then, from the power van 
to the grounded terminal it Likewise is a single 
lead. We learned that one reason for this 
installation arrangement was to mcrease 
curcuit current. A second reason for this 



connecting method is that there wms no need 
for indud^ all additional pair (labeled C and 
Gl) in the oUsls bttwMn the towtr and' 
power van. The tnnsmitting pairs (T and R 
pita Tl and Rl) serve as the conducting 
circuit. This installation method of using a 
simples circuit and the transmitting pairs in 
the cable is valid for a third reason* The 
simplex coils offer large opposition to the 
talldng current, thus they restrict this ac from 
bypassing around the tower and van receivers. 
You should recall the principles of magnetism 
and how magnetism provides high impedance 
to ac< 

2(M3< Figure 90 also indicates that the CH 
relay operates following your oi^eration of all 
colored pushbuttons,' The same simplex 
circuit is used to operate the relay following 
depression of those control buttons. A 
simplex circuit is also used for operating the 
AC relays in the tower. Of course, in the 
latter relay circuits LI is the -24«volt ^urce 
termination lead and lead LG connects to the 
grounded terminal. Similarly, rather than 
using the Tl and Rl cable pair, this circuit 
uses the R2 and T2 cable pair. 

20-44, We learned that the controller 
operates the PAR switch at his position to 
cofnpiete the one-way precision approach 
radar voice circuit, Foldout 6 shows that this 
operated PAR switch connects the X and W 
leads from the controller's headset to the Tl 
and Rl leads of the cable. Figure 89 also 
reveals this switch connection. The COM 
switch operating principle compares to the 
PAR switch operation* From the simplified 
schematic of figure S9 you can realize that 
the circuit difference is that the cable 
conductors T2 and R2 are connected by the 
operate COM switch to the X and W leads 
from the controller's headset. 

20-45. Radio selection. Normally, the 
controller is responsible for the radio 
communications. He places the transfer key in 
RADIO to complete the equipment 
connections. The effects of th'is switch 
operation can be determined by looking again 
at foldout 7. The radio selection removes the 
ground potential to relay \VT1. which, in 
turn, opens the operating circuit of relay WT. 
Hence, both relays return to the unoperated 
condition^ Contact 3B of relay WTl places 
ground to relay TBI so that talking battery is 
available to the controller's headset. Contacts 
2B and 3 and 5T and 6 of released relay WT' 
connect the controller's receiver with 
windings of the D rep^tmg coil. Additional 
windings of this repeating coil are connected 
to the T and R conductors of the radio 
equipment at the contxc' tower* Contacts SB 
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and 9 and 5B and 6 of released relay WT 
connet^t the controller's txansnutter to a 
winding of the C repeating coU. The 
re m ai nd er of the rep«ding< coii windings are 
connected to a IC pad* Tliis IC pad and the 
impedance-matching resistors A, B, and Al 
permit adjustments to be made which 
improve the radio reception and transmission. 
Contacts 10 and IIT of release relay \VT open 
the operating circuit to a sp^dcer-transfer 
relay in the radio receiver. 

20-46, Your analysis of the controller's 
radio termination should also show that the 
connections between the headset and the 
radio equipment remain when the transfer 
key is placed in the OFF position. However, 
in this latter circumstance the TB2 and TBI 
relays do not have a connection to ground. 
Therefore, the transmitter for the controller is 
uni;bie to function because it has no dc 
current. 

20-47. When you research the technical 
01 er that applies to your 302 Switching 
Unit, you will find many additional 
schematics and wiring diagrams. They include 
circuits that function in the same manner as 
the ones which we have described. For 
example, you will find relays designated as 
TB3 and TB4. Each of them serves the 
assistant controller's headsets. Yet they 
operate like relays TBI and TB2, which are 
shown on foidout 7, Likewise* you will see 
several additional SL relays. We described the 
pnnciple for their operation when covering 
the SL relay of foidout 5, furthermore, you 
will find a circuit having aft R relay. We did 
not illustrate' it because it operates in the 
same manner as the R relay of the lAl key 
system; hence, the incommg ac signal from 
the central office operates it. The operated R 
relay then starts the LINE lamp flashing. You 
should now be familiar with flashing lamp 
circuits, also. The 302 Switching Unit circuits 
that remam should then become known 
dunng your study while on OJT at the 
organization that is responsible for the 
equipment. 



21, System Maintenance 

214. To keep communications equipment 
operating continuously, you must perform 
high-quality mamtenance. Quality work is the 
resiiit of personal discipline: The airman who 
has a careless attitude is quite likely to be i 
trouble making rather than a trouble 
removing repauroan. Equipment should be 
mspected, corrected, and returned to service 
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as soon as possible* Inspections, testing, and 
idjustipents are best accdmplisfaed when 
progxmmmed. The maintenance schedule 
should provide for visual and opeimtionai 
inspections within a pacific period of time. 
You are not expected to see each connection 
each time, yet eac^ should be^observad at 
least once during this scheduled period. This 
procedure will disclose minor faults that 
could result in future m^or faults* 

21-2. We are separating system 
maintenance into four categories: inspections, 
performance tests, trouble location, and 
txouble repair. ' 

21-3, Inflections. It is important that you 
consider safety while inspecting the* 302 
Switching Unit. To illustrate, use care when 
inspecting connections, because movement of 
condu«:tors and oibies can break connections 
and can shortH:ircuit terminals. In addition, 
careless removal of the unit cover may break 
elements or bend contacts, 

21-4- We are Usting things to look for 
when visually inspecting the equipment. 
However, there may be other features that 
you will consider or that your supervisor will 
require. 

21-5. Operations van. At each position, 
check the switches for looseness or sticking. 
In the same manner, determine if the dial and 
potentiometer have a smooth and positive 
response. Look at the plugs and Jacks for the 
headset to determine if they are bent or are 
corroded- Examine the headset coids for 
worn or exposed areas. Inspect the lamps and 
lamp jewels for cleanliness. A blackened lamp 
should be replaced; it may function 
temporarily, but its life is limited. Observe 
exposed cable conductors for signs of stress or 
deterioration- 

21-6. Power van. Open the equipment 
cabinet door and look in the fuse holders to 
determine if there are any spare fuses missing 
or blown fuses. Iii^ect for loose screws, 
broken conductors, missing dust covers, and 
overheated devices. If a dust cover for a relay 
is missing, look for crossed contact wires or 
bent springs. Secondly, determine if the wire 
wraps at the relay terminals have become 
loose or if there is dirt on the contacts or 
terminals. Swing out the equipment racks and 
take notice of the condition of the wheel and 
bearings- They should allow the racks to 
swing out freeiy from the cabinet. Separate 
the racks and look for loose or broken 
connections, loc^e screws, signs of arcing at 
relay contacts, missmg relay covers, and 
overheated devices. Ch^ck for clean and tight 
battery connections. Inspect the reconier 



patch cQvds and for signs of excessive wear. 
Look for cables that may be out of pUct* 

21*7* Control touf&r At eich poeitiola, 
check'' the switches for free moyementl 
Inspect the condition of the lamps and lamp 
jewels. Duimg rotation of the volume contxoL 
see if it is binding. Note also if it is firmly 
attached to the shaft At the telephone relay 
rsck^ look for loose screws. Then remove the 
equipment cover and observe the fuse holders 
for msuing spare fuses or blown fus». Inject 
for aiissing relay covers, burnt devices, 
arcing between terminais and contacts, and 
broken connections. 

21*8. Performance Tests. We know that 
the individual components are not normally 
isolated ta be tested. They are determined to 
be functioning by operating the equipment. 
For example, you learn if the SL relay is in 
the J53009CR unit, the A relay in the 
J53033S uwt, and the C, PL, and S relays in 
the J53009CW unit are operating properly by 
selecting a telephone station for the system 
and by preying the LINE key. Of course, 
operation of vhe HOLD key insures that the H 
relay;, function, and talking to the person at 
the station reveals that relay TBI is good. In 
this manner all components are tested. 

21-9. There is no need for us to d^ribe 
ail the performance tests that you make for 
your type of 302 Switching Unit, bec^se 
there is a preventive maintenance workcard. 
set available that gives this information. You 
will find that these v^orkcards are colored. 
The green cards include information about 
performance routines that are done while the 
eqmpment is operating. The pink cards 
describe service routines which consist of 
work procedures that do not usually require 
the equipment to be operating. Let us think 
of what information you should expect these 
maintenance cards to have! First, they will 
identify the test. To iilustratW-^ne test 
determines the condition of the station line 
between the operations van and control 
tower. Second, you will be informed of the 
time that it should take to complete the test. 
Furthermore, you will be told what controls 
to operate and what indications should be 
noticeable if the equipment Is operating 
correctly. For instance: For the station line 
test you know t!xat you will place the headset 
plugs mto the A and B jacks, put the transfer 
switch at WIRE and depress the LI2)JE key for 
the tower circuit. Consequently, LINE or 
SffV lamps should illuminate at ail 
operations van positions. Then you must 
operate the FLASH & RING key. .As a result 
of these actions, you should be able to talk 



with the tower opermtar using the tower 
telephone. Additional test procedures will 
follow; for exmplet a rttum cmll and thr 
symptoms that accompany it. If you neec 
additional testmen and materimls to complete 
the test, this information is also included. 
Finally, you axe told to record the results of 
the test and to notify the ^pervisor of any 
abnormalities. 

NOTE: Notify your supervisor, also, of 
any disctepancies that you may find in the 
wori^card instructions. These instructions 
must . conform with the maintenance 
instmctiqns of the current technical oxden. 

21-10 J The loudspeaker 106B performance 
is an additional test which we will mention. 
For this test you ask an associate at the GCI 
station to speak while using the voice 
sigTialing Circuit. You then listen for a 
moderate signal. ^ The adjustment for this 
signal incli^des the IC Pad, 89 type resistors, 
shown in foldout ' 7. The control that 
determines their resistance in the circuit is 
installed in the center of a terminal strip. This 
control and the loudspeaker volume control 
are operated together until you reduce any 
telephone transmitter howl and yet reach the 
desired listening level. 

21-11. Since these performance test$ 
involve personn^ at locations where these 
people may have little time to help you, plan 
your test carefully. Take advantage of the 
time when the equipment is not required 
because of reduced air operations* If you 
cannot complete all checks at this time, go on 
to others that you can do, but don't omit any 
procedure. At a later date perform the one 
omitted, and do it at a time that is as close to 
the scheduled time as possible. 

21-12- Trouble Location, Trouble location 
in r 302 Switching Unit includes the isolation 
of the fault to the operations van* to the 
power van, or to the control tower. We know 
that each airman should develop methodical 
procedures for determining troubles. For this 
reason, we will not list all troubleshooting 
steps. Similarly, we will not list ail the 
troubles which may occur in a system, 
^because there are many possibilities for each 
system and there are several systems. Thus, 
we are disclosing only example trouble 
procedures. 

2143. As:>ume that controller number 3 
has reported a failure of the fifth LINE 
PICKU? key to function. Verify the report by 
pressing the key agam. Take note of the lamps 
at this position and on the other operations 
van positions. If the lamps fail to operate at 
this position but light at the other positions, 



then th« trouble ii lioUted to this positioQ. 
Although it is not probmbk that both the 
LINE or SUPV Umpi would become open at 
the same tirne^ you could clwrk each of them. 
We would assume that the fault may be a 
connection ^common to both. Look at your 
technical order diagrams to see what 
connection could be common. The station 
line visual and voice dgn*img schematic shows 
a strap between each line lamp; thus, each 
lamp is grounded by means of a common 
connection. A visual inspection of this staq> 
should reveal the condition of the connection. 
However, there are instances where a 
connection looks acceptable but a resistance 
check shows it to be a high*resistance 
connection. The line selection functional 
schematic shows the same type common 
ground connection for the SUPV lamps at 
each operations van p<^tion. Further axialysis 
determines that the ground connection ii; the 
dark environment .lamp control unit 
(J53009CV) at the power van could not be at 
fault because it serves the lamps at ail 
positions. The most rapid solution to the 
problem may be to replace the 623 A key unit 
and lamp socket assembly 61A. If these 
replacement units correct the failure, you will 
then tag the faulty units and send them to 
depot maintenance for repair. 

21-14. Note, though, that the preliminary 
report listed •'failure to function/' You must 
determine if there was another trouble 
symptom, in addition to the lamp failure. In 
other words, the operated LINE key also 
must complete the talking circuit between the 
telephone station and the controller's 
termination circuit. The schematic of foldout 

5 shows that the o|>eration of the SL relay in 
the power van results in making the contacts 
that complete this talking circuit, as well as 
completing the SLTV lamp circuit and the A 
relay circuit- To see if the SL relays are 
operating, look at the J53009CR unit. 

21-15. A second trouble analysis can be 
made following the report that the operation 
of the WHITE pushbutton at the number 1 
controller's position results in a steady/ signal. 
Now you venfy this report and, in jc'dition, 
press the WHITE pushbutton at the two 
remaining controller positions* Assume that a 
isteady lamp resulted from their operation, 
too. These sypiptoms reveal that the tn^uble 
is common to the thiee positions; probably it 
is a power van unit trouble. Search of foldout 

6 shows that the same STl lead starts the 
flashing circuit operating for all 'the request 
and acknowledgment lamps. Hence, you 
should press one or all^ of the remaining 
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colored switches. If flaahing doea not occur, 
you should consider tbe power and flashing 
unit to be at fault or the STl lead is open. 
ConvtrMlyi if the op««ted colorKi lamps 
(amber and green) re^dt in a flailing lamp, 
then our trouble is probably defective 
contacts on relays Kl, 601, or Al< 
Replacement of the J63033B unit with a 
second J53033B unit should reveal if this 
request and acknowledgmrat unit is at fault; 
yet^ you must attempt to correct the 
defective contacts before replacing the 
wired*in assembly. 

21*16. Trouble Repair. It is evident &om 
the preceding paragraph that relay contacts 
can (»use circuit f^ure. Burnishing may be 
necessary when a contact is co^ed excessively 
with film or carbon. Brushing of the contact 
is the reconmiended method for removing 
dirt. Also brush the remaining devices of the 
equipment unit if they show dirt« The bmsh 
that you use must be clean and dry. The 
method that you use to brush depends on the 
relay type. To illus^te, on wi]^ spring relays 
you place the brush below open contacts and 
then move the brush hairs upward between, 
the contacts. During this upward movement, 
you must move the brush slightly toward you 
and then away (sawing type movement). 
Withdraw the bmsh without cleaning contacts 
in another set. Repeat this cleaning' several 
times. Novv, reciean your bmsh in 
prescribed cleaning solution, dry it 
thoroughly , and advance to your next set of 
dirty contacts. Clean normally closed contacts 
by inserting a toothpick between the springs. 
Accordingly, the contacts are held open 
temporarily. 

21-J.7. Be careful not to touch relay 
contacts with your fingers or to touch the 
areas of the brush (or any other cleaning 
object) that is to mb the relay contact. The 
oii from yotir fingers is difficult to remove; 
therefore it will result in future contact 
failure. 

2148. Contact burnishing i^ done ip a 
similar manner to the brushing* in- that you 
use a sawing motion. However, the contacts 
must be ^forced against the bumishing blade. 
You scratch the contacts with the rough edges 
6i the bumishing blade. For this reason, 
bumishing often results in future contact 
failure, although it can be useful for the 
present time. Therefore, bumishing is 
nonnaUy considered as the last method of 
repair for a rtjlay. 

21*19. Clean the surfaces of relay pole 
pieces, armature, stop pins, etc, with clean 
paper. You press the two, devices being 

. 2 :■ I 



cleaned against the paper so that, there will be 
presiurt on the papet. Withdrawing the paper 
will then remove the dirt. If dirt is noted on 
the withdrawn p«p«, uM a second clean 
paper and repeat, the procedure. Repeat the 
act until the papers show no stains* When 
cleaning any device within an equipment unit^ 
examine the unit closely for loose or missing 
items* 

21*20. You have learned that key system 
relays and switches are adjusted mechanically 
to meet theb electrlca^ requirements. The 
relays m thiA^02 SwitcVing Unit ^are kept 
operating or repaired in the same .manner. We 
are not going to repeat all the information 
cove^ before in this course, and we will not 
copy that information found in the technical 
orders for the system. Repeating the major 
prinv-:iples that you should remember should 
be adequate. Tor example, you readjust a 
contact spring to a higher tension than the 
test value indicates. Also, ^ce one 
m e chanical adjustment affects other 
adju^ments, you must observe each 
adjustment during the test. Use only the 
circuit requirement table that applies to the 
specific relay that you are testing and 
readjusting. Do not use^a requirement table 
that pertains to another manufacturer's relay 
that has the same nomenclature* Move relay 
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springs and components only after you have 
found that they are failing completely to 
perform their fimction. Keep rslays or other 
apparatus uncovered only as long as nectsiary 
to complete the required maintenance. 

21-21. Inspection . and repair of the 

telephone for the 302 Switching Unit are 

done in the same manner as that for 
telephones in a regular installation. 

21*-22. After disconnecting a cable from a 
receptacle, place a protective cap over the 
receptacle (see fig. 73). When refonnecting a 
cable to an uncapped receptacle, be sure that 
the cable ' and connector axe mates. For 
eumple, one cable and one receptacle at the 
power van ark labeled REQ & ACi^ and are 
colored identiiMy. Thus they are deigned to 
mate. Cup and chain assemblies support spine 
of the cable assemblies to prevent strain 
damage to the connectors and cables. Insure 
that the chain lengths are not changed' when 
replacing a cable; or, if the chain lengtl^ had 
to be changed during cable removal, make' 
sure the chain is returned to^he proper length 
after cable replacement* 

21-23. Perform an operational check of 
the eq-iipment foUo^ring replacement of a key 
unit, a component, or a cable to determine 
that it has been correctly installed. 
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Glossary 



Annuociatoi — Visual «gnp}jr^g device, 
operated by coil, relay, or rHays, and 
which indkatei conditions of associated 
cinnuts. 

Appantur-Pieces of equipment used for a 
commoo fux^tion. 

Audio-Fnqutacy AmplifSer-i>evice that 
IncreasM the amplitude of frequencies that 
can be detected by the human ear (20 to 
20.000 Hertz). 

Bimetallic Contactr-Contact springs formed 
of two dissimilar metals* The metals have 
different temperature expansion values. So 
when the temperature changes, the contact 
sphnp bend and separate their contacts. 

Bridge^Electrical network used to provide a 
sfaimt type circuit. 

Cable Eoop--Go-and-return conductors of a 
communication circuit; a complete circuit. 

Cable Rim-^atfa (position) of a cable that 
extends from one termination to a second 
termination. 

Common-<;onnection that is attached to 
more than one unit, terminal, or wire. 

Compatible UnitHJnit designed to work in 
harmony with associate units. 

Crosstalk— Unwanted ' sound in a 
communications cucuit— sound that results 
from neighboring communications or 
power circuits. 

Dial Selective Intercommunications 
Circuit^Circuit that permits 
intercommunications stations to be 
selected and signaled by means of a dialed 
digit or digits. 

EBM— Early break then make. 

£Ie<ftromechamcal Interrupter— Magnetically 
operated device for opening and closing an 
electric circuit rapidly and periodically. 

EMB— Early make then break- 

GC A — Ground-controlled approach 
equipment that provides circmts used for 
providing accurate information for landing 
aire Aft. 

GCI— Ground<ontrolled interception method 
in which the intercepting weapon is guided 
to its target by instructions transmitted 
from the ground. 

81 



Impedance Switch-Switch that determines 
the opposite ratio between the 
intercommunications set and the 
intexcoimectisg line. 

Interioek— ArtiQgemtnt that prohibits one 
action enabling another or others. 

Interol!9c«--B«tween stations in the same 
system. 

Key Cafale^able installed between bridging 

terminal and telephone. 
Manual Intercom— Intercommunications 

system where control is by persons rather 

than by Automatic devicesl 
Master Station— The station i^ an 

intercommunication sjrst^m that controls 

the communications of th|e organization. 
MD— Manu^ture discontintjied. 
Monitor— To check the operation and 

performance of a system by listening to the 

output sounds. 
Multiple or Multiplicity of Circuit 

Coni^tioiu— Two or more circmts 

connected in parallel. 
Network— Two or more interrelated circuits. 
Noise Suppresttoir-Umit or reduce noise for 

a receiver circuit, ^ 
Noninductive Winding— A winding 

constructed so that the magnetic field of 

one turn cancels the magnetic field of an 

adjacent turn. 
Opaque Material— Material that is neither 

transparent nor translucent. 
Operatbns Vair^obile unit where GCA 

controls and personnel are located that 

guide and i^gulate land type aircraft. 
Package Unit'-^^ombined units for providing 

common service to a requesting 

oxgani2ation, 
PBX (Private Branch Exchange)— Switch L'^arrf 

or automatic apparatus at a headquartm, 

which permits making outside calls from 

the local calls between subscribers. 
Pigtail— Tightly twisted, bared conductors. 
PMEB-^rehminary mate with early break. 
Pole Piece— Magnetic material formed to 

control distribution of thr\magnetic flax 

around associate devices. 
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Potentiometer-A thpee-tenninal resistor with 
sliding contact which provides for 
variations in tl^tricai circi|it voltage. 

Jhftset ContenocB Circuit— Established circuit 
for permitting conversations between three 
or more stauoni simultaneou&ly. 

Radio Communicatioai— Communications 
system that uses eiectxomagnetic waves for 
conduction of voice signals. 

Rectify— Change alternating' cxirrent to direct 
current, k ' - — 

Remote Station— CommunicatJbns equipm^.,. 
located some distance from the master 
station (hradquartess). 

Rotary Stepping Switch— A blank and wiper 
switch where circuits are completed by the 
moving wiji^ers, which dEnove only over the 
bank that is fonned like the ^ of a circle. 

Runaiftg Cable--Cable instaUed between the 

. key telephone units and the bridging 
terminal. 

Short CUvruit— Law-resistance connection 
' between two points in a circuit. Also, can 
be ca^ed a ihuntA 




Station Diversification— Varied distribution of 

telephone stations. 
Stop Puw--Devices on a relay that prevent the 

moving contact sprinp from going any 

further. 

Subsequent— Succeeding— foUowmg later. 
Supq:vision— Automatic indication of the 

operation or release of electrical ciicuits. 
Suppresiioir— Elimination of undesirable 

frequency or group of frequencies. 
Terminal Punching-Metai stamping, tinned 
and designed to make a soldered 
onnection with a wire. 

nt— Inst a nt a n eous surge of voltage or 
current which results from a circuit change. 
Vibrator^Electromagnetic device used ' to 
chah]^ direct current into pulsating 
current 

Voice Frequencies— Audio range frequencies 
employed for transmission of speech. They 
usually range between 200 to 3500 Hertz. 

Wire- Line— Telephone communications 
system that uses wire conductors for the 
line circuit. 
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r learning. 
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ObjecUYw: To deinonst||te a knowiedgeAjf eiectacai fiindinientalsi mdudiag electrical tenns and 
symbols, voltage, rcasb^. and gurientVelationship in electiical drcmt$;and electromagneiic 
effects in circuits; and t6 apply this knowledge in trouble analysis. 

I . State ajbasxc law for electricity. (9-1) 



2- According to the electron theory, in which direction does current flow? (9-2) 

3. What telephone equipment unit prodi^ces v'oltage -by a chemical action? (9-3) 

/• 

f . List three telephone systeta yiits which are eflcctive because of current blowing in 

^ conductors. (9-3) - ^ 

5. What illustrating device does a manufacturer \Ke tviien developing schematic diagrams of his 

- telephone equipment circuits? (lO-l) ' 



6. Name the relay which won't operate when curreat is in both wildings. (10-3) 



ft 



1 7 



r 



. • /~ 

NiiM th« wnn used £o describe the action of reiay contacts 3 and 4T of rdiy & in fkura 4 
' (iO-S) J ^ . ■ . 

S. V^«t vdtage,sllould,?X5u and at terminal 26»f the tennitid strip (see text ftfr 

9» Identify the two devtcts connected btt^veen termiaali A and r withm fhg r^at^i^ H hl^y^k 
of text figure 4. (10^, 9) * ^ / 




^ 1 0. USR;^ext figure 4, name the devices that provide the operating circuit for relay] FLl . { 1 1-2) 

1 i . How would you,sh|Ow the Condition of contacts 5 ai^ 6T of relay ST on a line and contact 
drawing.<sce text ^ 4) if relay A has operated for the second time (Xvt vertical line)? 
(U.S, ] . . ^ 

i 2. Considci relay FL I of text fjguJ^ 4 as having a resistance of 600 What current would 
be in^c relay when the circiut is complete? (12^2) 



3* 



1 3. Identify devices in text figure 7 that limit the current from the battery. ( 1 2-5) ^ 



14, Assuming that the, current in each rectifier of text figure 7 equals SO miiiiamperes, what is the 
total current in the^gh-voltage secondary ofnansfcyrmer Tl7 (12-5) 



15, Assume that '0,00 1 ampere of current is in the R4'reastor of figure 7. What is the voltage drop 
at this resistor? (12^) 



16. What three factors axe required to develop voltage? (12-9) 



What ;s required for a generator to develop direct current? (12-10) ^ 



f 

I 

10 




How dbes the voltage ih.? primiiy in fiiure 7 compaie with the voiiage in tk* 
secondary? (12-7, 11) - ^ 



19. How does aa increase in agnal ^emfency affect the oppoatiqir of a wire coU? (12-12) 

. -if. .. 

20. RepUtMg a SO-millihenry coU with a 30.mimheniy coU wiU " r% 

circuit? (12-11) ' - 



* 



21. - when an ac circuit is,^ 



(iM5) 



. • * f .. 

22. What IS the total opposition i^thc circuit of figure II? (12-17) " 



Will the cunent in Cj of text figure 24 be maximum at^e resonant frequency? Why? (12-17) 



\ 

24. Usuig text figure 7. is the turns ratio between the primary of T , and the high-voltaEc 
secondary 1:4 or 4:1? (12-18) ' 

• . - - V'^ . ^ 

25 . What causes an electrical fuse to blow? (12-19) 



26. Using ihe applied voltage and the Listed current for text figure 10, what is the total 
oppoMtion? (12-20) 



27. What IS the difference m potential between C4 and C§ in figure 7? (i2-21)-<, 

28. What mathematical method wiU you use to determine current for a series connected component 
in a series-paraElei circuit? (12-22) \ 
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' ~ ^ ' f 

29. What U the rnistance for a pusUei circu* consisting of four resistors having values of 

^100. 40, 25, anii S oHrn$?H.l2-23f) 

30. W>D£ device iTcfi^cis « balanced condition in'iibridgc-type test set? (12-25) 

31. I*lntify the ratio for the^.fotti resistors; 

R^T* 1000 ohms ; jv^ R3 • SOOohms 

'IL • 10,000 ohms; ' R - SOOCohms 

(i!!-26.:7) ^ ^ 

\. ' ' 

32. Use the rtjwtance values dyi^^ » 50 ohms, R- - 150 ohms, and • 75 ohim 
for tigure 13 and decenninc tho^otcntiatat>^oxhu A and B, ( 1 2'28o0) 



;33. Use the resistors R | - ohms an^ Rj » 3^ ohins with the circuit of figure 16. What is 
Uic resistance for the paraiici circuit contaii^g these ty^ resist cks? (12-34) 



34. How is the balanced brid^ reflected by^ bridge-type test set? (12-37) 



35, A PN jm»ct:on should normally be connected to the powc| source in what manner? (12-40) 



36. How will battery be connected taa PN sanction to obtain forward bias? (12^- Fig 19) 

- ■ : - , f , . ' ' 

to - * 

37. \Vftaf particular charactenstic makei'the PN junction an exceUent rectifying device? (1241) 
% ■ ^ 

38. What type electronic circuit requires that a junction diode be connected for reverse bias*^ 
(12-^2) 

r . . 



300 ■ ■ ■ .' — ' 

. . 39. Aisum« th« ih> cuntnt of nsUtor in tlgurs 2t has lacrcued. Fcdiowtag the inc»a«. whit 
effect wouid you ob^eive on » wjiimiiar conMsted in ptralld tts tiw load? ( 1 242) 

■ . ■■) • • ' • 

40. Whati4.thepurpo$eofa2c^^*diodtcirciiit?(I2-42) 



► 



41. With respect tojhc Zccer dio^e voitage ifcguiator of text figure 21 , when the output 
♦ • v6itageidecwa«s, wiU the voltage drop aardcs R ^ be smaUer or greater? Why? ( 1 2^2) 

•• • ^ 



42. How n^y you c|iaiige a transistor's performance? (12-45) 

43. Assume that the bias battery is rated at 9 ' olu arid the incoming agnal equals 0.2 voIts. What 
is the voitagif range that controb the traiaistor's operation? ( 12-45 , 47) 



44. What connecting.prcfcedure changes an NPN transistor to a PNP transistor? X 1 2-*8) 



45. In the circuit text figure 23 . assume that the input signal to the base of the transistor has 
gone negative. Ihus^»what chan^ would you find at resistor R 3? ( 1 248, 49) 



46. Which of the three amplifiers (common-base, emitter, collector) produces an output waveform 
ISO" out of piiase with the input? (12-4^' 



47. With respect to transistor amplified (common-base, emitter, collector), what potential is 
atthebase?(l2-*8-50;Figs. 22.23. 24) ' ^ 



•W. Name the amplifier that^ operates continuously. (L2«^) 
49. What happens to a thermistor when current flows through it? (12-52) 
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so. Anunit Out the b«t«ry for <he circuit of Qfure 25 is 9. volts. What, then. !» tht baie-wnitttr 
; biM vailage for th^ traiuistor? (12.6, 52) 



51. List some metho<4» by whuJi you pr»vide effkiem serv»c«.to tfllephons users. (13-1) 



52. . Would the current for R 2 in text Sgure 25 increise or decrease following a short-circuit on 
. . resistor* J ''(1 3-2) 

^ . i . f ' - ' 

53. Identify a probable cause for lamp DSl in the circuit of text §gure 7 not illuminating 
fdlowiog operation of switch S J . (13-3) 

54/ Assunring that the ftisc in text figure 7 has open^ identify the probable cause for this 
condition. (13-2, 5) 

55; Name two circuit conditions which indicate that there has been excessive current in a 
circuit. (13-5) 



56. How do the following sufemcnts appiy'to you? (13-^) 

ii^Switch off the power before working with the equipment, ^ 

b, Uscjnsiiiatjng matting on the floor when working on high-voitage equipment. 

c Do not work alone on or near high-voltage equipment/ Have a helper stand by where 

he can see you and where he can reach the main switch humedly , in case of an emergency. 
ii Use tools which have rubber insulation, 
e. Sfemove jewelry before working on this equipment. 



57. List sequential procedures which may be used by a telephone equipment repairman^. ^ 3-9) 

i 
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CHAPTERS 



Objective: To b« »bii iQ show fanuUuiaiioa with the basic fundtim&uU of teJephony, iaciudim 
soiwd generauon and tran$mi«*ion. soimdijowered telephony, local^ittery telephony, and comaoo- 
battei>' telephone principles. 7 t- 7. . 

I. How are sound waves carried from their source of generation to the human earf( 14. 1) 



:. How would you describe the method by which a vibrating body tmasmits its motion to the 
surrounding atmosphere? ( 1 4-2) 



V 3. When a vibrating body sets the surrounding atmo^heric particles in motion, creating 
sound wave, hi.'v Ho the particks trawl viith the wave? (14-3, 4) 



4. If you were watchmg an airplane and it exploded in flight, would you see the explosion before 
■ you heard the sound? Why? (14-4) 



-■ sound wave of a steidy tone is represented graphicaify. the waveform" 

on the graph would be of what shape? (14^) 



a. Assummg that two space ships are 100 feet apart and in an environment Lit is 
void Of any atmosphere, could sound waves be used between the' ships forV_ _ 
communications? Why? (14-7) * • r ~ 



How did. Alexander Graham BeiTs telephone change sound waves mtc electrical waves^ 



S. Explain bnctly the fundamental principle involved m transmitting sound fVom one point 
to another by telephony. (14*10, II) ' ' 



^ Explain briefly the operation ot a sound-powered teiephjne transmitter, (1 5-1 -^k) 



10. Frorti the standpoint of Ijeilii either ac or dc elictridty.-how would you classify the 
output of a wuadijowered tnnsmitur? (IS-S-^; Fig. 34) 



II. * Give a bnef explination ot' how the sound-powered receive/ operates. (15^, Fig. 35) 



"V- 



i;. -Duiing voice transmisaian on the jound-powercd telephone Olustftited in ftgure 36. wiat 
i$ the pith of lHc tansmitter cuncnt from the tnnimitter to the distant leieohcne'' 



13. During voice transraisaon on the sound-powered tsiiphonc illustrated in figure -36, what 
is the circuit path for sidctonc? (IS- f3) . 

14. Whaj is the cuaiii path used for voite reception in the $ound-powcrcd telephone ilhisbated 
m text figure 36? (15^14, 15) ^ ' ^ 



15 • On a iclephone such as iUustrated in figure 36, why is it thai the buzzer and visual, 
^ indicatoi- circuit don't short out the mcoming voice signal? (15-14,- 15) 



16, What IS the approximate frequency of, the- ringing current used with the spund-powered 
telephone UJustrated in figure 36? (15-16, 17) ' - % 



I"'- What one feature would identify a tdcphone svsteoi as beings of the local-battery 
type? (16-2) 



IS. Compare mfise and speech sound waves. (16*3, 4; Fig. 39) 



19. Explain bnetly how the transmitter ifi a local-battery telephone changes sound waves 
mio eiectncai waves. (16-6, 7) 



:0. With respect to eiectncai wkissification (ac.odc. etc.,) how is the output of the transmitter 
■ on a locai-battery teiephone classified? ilS-T)^ 
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mitn the etriv lecai-biitary telcphoM consisted of a receiver, btttery, and transmitter coaacctcd 
in senes, wfay v^as the reception poor at the distant recover? (16-9) 



What advtnti^ were gained by the addition of an induction coil to the early local-batterv 
telephone? (16^10) . 



In what typ^ of telephone would you be most likely to f 
scaling? (16-13) 



find a hand generator used for 



The hand ^nerator used in the Ibcai-tfattery tcieirixone produces what kind of electricity? 
(16^14) . , 



Explain the signaling circuit if party A wishes to call party B as illustrated in figure 44 of the 
text {16-14) 



In a base locai-battcry system, what arc the main functions of the hookswitch? (16-15) 



What is meant by the term •*sidetonc' 7 (16-18) 



Why is coo much side tone m a telephone undesirable? (16-20) 



Wliy would it be undesirable co remove ail sidetone from a telephone set? (16-20) 



Explam briefly how antisidctone circuit principles are applied to reduce sidetone. (16-2 1-25) 



Why IS It that modem teiephones use induction coils with more than two wmdings? (16-26) 
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In 3 circuit such ^ illustrated in figure 46, what is the reason why sidetonc is reduced? (16-26) 



A sitapk telephone system of two telephone sets would require how many line pairs? 
(16-28) 



In the line signal circuit illustrated in tigure 47, what type of current is applied to the winding 
of I20I when a signal is received from the calling party's telephone? (16-29) 



Identify local-battciy equipment for which you will be responsible, (16-29) 



Why can two local-battery teici^ones be considered a complete system? (16-30) 



What is the main difference between local-battery and common-battery telephone systems? 
(17-1) 



From a standpoint of classification, common-battery telephdpe systems may be subdivided 
mto what basic systems? (17-2) 

f 

*♦ » 

In the common-battery telephone circuit, illustratedln figure 48, whjt basic circuits arc 
represented? (17^) . \ . 



In the common-baaery ti^iej^t^c circuit, illustrated in figure 48/what telephone part or 
component serves to connect and disconnect xhc primary circuit from i^ie central office 
batteryU17-5) ' 



I In the common-battery tdcpho*'^ circuit, shown in text figure 4S, what is the main purpose 
of capacitor C (connected m the ringer circuit)? (17-7) 

In common-battery telephony, how is the central office signaled from a teicphonc subset? 
117-3,9) 



18 



3i 



■ ■ % 



J 
f 
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CHAPTER 4 



1 , A basic iaw for electricity sutcs that like charges rcpei and unlike charges attract. 
i . 

According to the electron theoiy, current flows from the negative terminal to the positive temunai. 

3. The battecy for a telephone system produces voltage by 2 chemical action. 

4. Teiephone system relays, lamps, and alarms operate bcoitiisc of electron flow in conductors, 

5. A telephone cquipnwnt manufacturer uses electrical symbols to develop schematic diagrams for the 
equipment uf his^lephone system. 

A differential il^lay in a telephone system do^s not operate when current is in both windings. 

7. "Preparing a circuit" it the term used to describe the action of relay contacts 3 and 4T of relay B 
in figure 4.s . 

8. Approximately 24 volts dc should be noted at terminal 26 of the terminal strip. 
^. Between terminals A and C are connected a ftxed resistor and a capacitor 

to. Included in the operating circuit for relay FLI are a ground, the terminal for contact 4T of relay A, 
contacts IT and 2 of relay A, conucts 4T and 3 of retay B, the relay windings of FLI, and battery, 

11. A second operation of relay A is provided when relay sf operates. Therefore, contacts 5 and 6t 
would then be ihown beside an X, 

i:. L'smg I » E/R (24V/600), relay FLI would have ,040 amperes or 40 miUiamperes when its circuit is 
complete. 

LV Resistors RI and R2 iimit the current tlowm^ from th^^attery. 

1 ^ ' ^ , ' 

14. Since the rectifiers are in parallel, their current is added. Hence, 160 milliamperes is the current m the 

Kigh-voitage secondary of transformer TK 

15, E= 1 X R = 0.001 X 10.000. E - 10 volts. 

lb. A magnetic tleld. a looped conductor, and motion are required for generating voitage. 
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1 7, The three factore listed in the answer to question 1 6 also are necessary for generatiag direct current. 
The method of rempving the current from the generator output detennines the type current in the 
circuit load. 



18. 



19. 



The input voltage to the primary is 117 feltj^ac, whereas the secondary voltage is 400 volts ac. Since 
die mducing magnetic field deveiopi an opposing voluge, the secondaiy and primary voltage^ are 
posiuve and negative at different periods, 

^ mcrease in ac frequency in a circuit containing a coil increases the opposition of the coil to the 



> * 



circuit. 

10. Replacing a SO-miilihenry coil with a 30-milUhemy coil reduces the opposition for an ac circuit. 

11. ■ when aa ac circuit is resonant. _ ■ 

:i The total opposition in the parallei circuit of text figure U is 200 ohms. 

3. ■ No. Current in a paraUei-iesohant circuit is minimura because the circuit opposition is maxiinum 
(high). . 

.4. Since the voltage in the high-voltage secondary of Tj is greater than the primary vdtage, the 
turns ratio must be 1 ;4 

5. .\ sudden reduction in a circuifs reliance increases the current, thus causjng a fuse to blow in an 
electrical circuit. <■ 

i 

6. R » Ell, R - 100/4 amperes, R =25 ohms\ » 

7. Since the voltage ar C4 is 225 volts and the potential at Cg is 2 1 0 volts, the potential diiference is 
15 volts. 

8. Current for 3 senes component in a series-parallel circuit is (^termined by using Ohm's law 
(I =• E/R). Accordingly, you must first know the voltage at the component and the resistance 
of the uniL , . " * 

9. 5 ohms. 

0. A galvanometer reflects the balanced condition in a bridge-type test set. 
^- h h 1000 500 i 



or 



R2 '10.000 5000 10 

AlsoRj ^ 1000 10,000 Z 

R3 R4 '^^ 500 T5oo" r 

Branch 1 total resistance of ,150 ohms causes 0.1 2 ampere for the branch. Henqe, the voltage drop for 
R] IS 12 volts. The 225 ohms resistance of branch 2 permits 0.080 ampere in the branch. Voltage 
drop at R3, then, is likewise 12 volts. Points A and B are therefore 12 volts neptive with respect 
-to the positive side the battery. 



33. Parailci resistors having 12 and 36 ohms provide a circuit resistance of 9 ohms, 

34. A balanced bnd^ cxrcmt allows no current to be in xht galvanometer of>a bridge-type test set, 

35. A PN junction should normally be connected with the P-type material attached to a positive potential 
and the N-type material to negative. Following this connection, current wiU be at its maximum value. 

36. Positive battery will be connected to the P side of the junction and negative battery will be connected 
to the N Side for forward bias. 

37. Th^ ability to conduct m one direction makes the PN junction an exceilcm rectifier. 

38. A junction diode js connected for reverse bias in the voita^ regulator circuit! 

39. Following an mcrcase in current within this resistor, there will be a temporary chan^ in voltage across 
the load b«ause the cuncnt also flows in CRl which is in parallel with the load. Remember, too, 
that branch voltages are the same. 




40, The purpose of a voltage regulator is to keep the output of a power supply constant. 

4L The volUgc drop will be smaller b^ause the current through tlie diode will be reduced. Less current 
through the diode causes less voltage drop across R^^ 

42. fo change a transistor's performaiKe you change the bias. 

43. A transistor having a bias voltage of 9 volts and a signal voltage of 0.2 is, in turn, controlled by a 
voltage that ranges from 8.8 volts to 9.2 volts, 

44. By reversing the battery connections, you change a NPN transistor to a PNP transistor. 

45. A negative signal to the base of the transistor in figure 23 would reduce the collector current, A 
decrease m current for a fixed resistor (R3). in turn, reduces the voltage drop/ 

46. The common-emitter ampiifier produces an cTutput waveform ISO"" out of phase with the input. 

47. A positive potential is at the base of the common-base, emitti»r, and collector amplifiers, 

48. .A class A amplifier operates continuously. 

^^4*^ Resistance of thermistor is reduced following the introduction of current because of the heat 
generated. ^ - 

\ ^ 

50. A 9-volt battery for the class A ampliiler of figure 25 provides approxiinateiy 1 .6 millaunperes of current 
for resistor R\ , Ohm^s law shows that the bias voltage for the transistor is E= .001 6 X 600 ohms. 
Thus, E -96 voits. 



\ 



5 1 . Th^ maaMr in which you pcrtonn is indicative of good service. GiX)d pertonniiice results when you %30^ 
thiok cieariy and use a logical sequence of troubleshooting steps to locate troubles.- 

53. FoUowtng a short*<:ircuit, current in in electrical circuit must incxctte because dt^ resistance is decreased. 

53. No current in the circuit keeps a lamp dirk and no cunem Is to be found in an open circuit, 

54. ,\ny large increase in-current will blow the fuse protecting the equipment. 

55. Blackened devices and burned odors indicate that a circuit has had excessive current 

{ 

56. Since these are safety rules for repairmen of eiccuonic circuits, you must iikcwise consider them when 
prepanng to work with telephone equipment. 

57. Look for symptoms of uouble, inspect the equipment, analyze the circuits, and test to isolate the fault. 



CHAPTERS 

1 . Sound waves are carried from their source of origination to the human car by a medium such as the air 
or atmosphere. 

2. A vibrating body causes first a bunching up of the surrounding atmospheric particles and then a 
thinning out or rare-faction of the atmospheric particles. Thus, it aeates sound waves in the atmosphere. 

3. The stmosphenc panicles do not actually travel along with the wave. Rather, they collide with their 
outer neighbors, impart their energy, and then return to a point close to their onginal position. The 
outer neighbors likewise collide with neighbors and transfer energy, 

4. You would see the explosion before you heard the sound, because sound waves travel more slowly than 
light waves. The light waves are the medium by which you j^^e the explosion, 

5. The sound wave of a steady tone would be uniform in shape. 

6. No. Sound waves wUl not travel m a space that is void of atmosphere. 

7. BeU's telephone used an arrangement in which sound waves caused a relative motion between a coil of 
wire and a magnetic field. Thus, a voltage was induced m the coii that matched the shape of the sound 
waves. * 

S. To transmit sound by telephone, the sound waves arc first converted to electrical waves by a unit called 
the transmitter; the electrical waves are then transmitted over wires to their destinaaon. The receiver 
converts the electrical waves back into sound waves. 

Sound waves striking the diaphragm in a sound-powered transmitter move an armature positioned within 
4 coil of anci between the poles of a permanent magnet. This movement induces electrical current 
in the coil; thus, curent is developed for the telephone line. 
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"^f^lQ. Theoutputof a sound-powered transmitter is aceiectricity. 'f 

11. In operation, the elearicai waVes generawd by the transmitter cause wtws of currentV the-cQfl winding 
of the receiver. These wives of electric current produce a nugmtic field that. rauses the^reccivef f \ ■ * 
diaphragm to vibrate. This diiphragntj^brjtiQn reproduces the sound wa^s. * . 

! Dunng vojce transmission, switch SI would be m the laik position; hencft, traijnitter cunent would \' 
now through the switch dad line U to the receiver of the distant telephone. It would return over U 
and the hand generator* switch to the other side of the transmitter. 

13. The circuit path for sidetone irt figure 36 is from the lower lerminaTof the transmitter, through the talk 
-ontact of switch SI . resistor Rl . reteiver REI , capacitor Gl , and back to the other side of the transrmtter. 

1 4. The circuit path for voice reception in figure 36 is from terminal LI . througk the n^aily closed contacts 
of the generator s^/itch. capacitor Cl , receiver REI , and through the Usten c^tact of switch SI to 
terminal 12. . t \ 

15. The buzzer and visual indicator don't short out the incoming voice sigilais because their impedance value 
is quite high for the voice frequencies. 

16. The ringing frequency- is approximately 20 cN'cles per' second. ». ' 
P. A local -battery system has a battery in each telephone. 

18. Noise sound waves are very irregular, whereas s?«ech sound waves are more uniform. 

1 '5. The transmitter used with the local-battery telephone varies its resistance in accordance with the sound 
waves striking its diaphra^. Therefore, it varies the current in the drcuit. producing a waveshape 
similar to the sound waves. 

. 20. Ti\e output of a local-battery transmitter is classified as variabic dc. 

21/ The Imc resistance was^ too high with respect to the amount resistance change in. the transmitter; / 
therefore . the signal was weak at the distant receiver, ' ' "^1 

12. The mduction coil allowed the transmitter circuit tp be shortened and, of coune, the transformer -action* 
ot the mduction coiljhen provided a stronger signal for transmission. 

23. The hand generator is used m the IocaI-batter>^ telephone. 

24. The hand generator produces an aiiemating current. 

25. In text figu« 44, the generator switch for telephone A is m the portion it assumes while the generator 
is being opcrtKed. With the switch in this position, the ringing circuit is completed to the ringer of 
telephone B via lines Li and L2 and the unoperate^ generator switch is telephone B. 

2b. The lifted hookswitch consple es the transmission circuit. The restored hoofcswitch opens the transmission 
path 4Bd connects the ringer to the line. 
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11, * Sidetonc refers to the signal that reaches the rcceiw from tlve transmitter of the same telephonci F* ^/ / 
^ example, when you hear your own voice in a telephone receiver as you talk into its transraittet, you are 
then hearmg sidctone. ^ % 

28. Too much sidetone in a teiephcxie will cause the user to lower his voice, thus reduc^g*the signal to the 
. distant telephone. Also, a telephone located in a noisy area provides sidetone noKc in the re(»iv*r that 
will interfere v^ath reception from the distant telephone. 



29. 



30. 



32. 

33. 
34. 



If the teiephone u$er canaoi hear his voice in the telephone receiv^, as would be the case if ail of the 
sidetone were removed, he would shout and talk too loud when u^g the telephone. 

In antisidctone circuitry, the principles of circuit balanos arc applied to reduce the sidetone. With this 
type of circuitry there is a voltage cancelling action which reduces the sidetone for the receiver for all 
voice frequencies, . ^ 

Additional windings ae us'.^ on induction coU^ to provide for tetter adctone controL 

In the circuit shown in text figure 46. t|ie potential is balan<»d across the receiver. That is. at the instant 
represented by the Illustration, the potential applied to both sides of the receiver is negative. 

A simple telephone system of two telephone sets would require one line pair. 

Because of the diode iilusuatcd for this circuit, the current applied to the winding of 1201 is pulsating 
direct current. 



35. 



36, 



37. 



38. 



You will be responsible for line terminals, line drops, line protectors, and subset components such as 
battery, network, rin^r, hooicwitch, dial, and cords. 

Local battery telephones are complete systems because they haVe their own sources of electrical energy for 
transmission and signaling. 

Basically, the main difference between local-battery and common-battery telephone system is in the 
way electrical power is supplied. In local-battery systems, the electrical power is supplied locally at each 
telephone, whereas in common-battery systems, the eiectricai power is supplied at the central office for 
the entire system. 

Conimoi)-bgttery teiephone systems may be divided into two categories : manual and automatic (dial) 
systems. ' 



40. 
41. 

42. 



Three base cucuus are represented by the illustration of text figure 48: the pnmary circuit (transmitter), 
the secondary circuit (receiver), and the ringing circuit. 

The hookswitch connects and discohnccts the primary circuit from the central office battery. 

Capacitor C is placed in the ringer circuit to keep the nnger from being a constant drain on the central 
office battery.^ 

When the receiver is removed fr^m Us cradle on a common-battery telephone, the hookswitch completes 
3 cu-cuit all the way to the central office battery. With the manual system, this completed circuit to the 
central office lights a lamp on the switchboard to signal the operator. With the dial system, a circuit 
operates a line relay that connects the calling telephone to the switching equipment. 
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3/ 3 ^y^^^ Student For questions 33, 34, 35, and 36 refer to VRE figure I . 
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Voiumc'Review Exercise Figure I for Questions 33, 34, 35, and 36. 



33. (023) Which of the numbered symbols is for a DPST switch? 



i. Number 1 . 
b. Number 4. 



c. Number 6. 

d. Kumber S". 



34. (023) Which of the numbered sv^nbols is for the hookswitch? 



a. Number 2. 

b. Number 6. 



c. Number 22. 

d. Number 26. 



35. (023) Which of the numbered symbols is for a rheostat? 



a. Number 1 1 . 

b. Number 13. 



c. Number 19. 

d. Number 21. 
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36. (023) Which of Uie numbered symfaaf U lbr*viri»bIe*apijator? 'S/^ 

a. Numb«r 3. . . c. Number i4. J 

b. Numbtri:, . . d. Numbtr 16. f 

37. f0:6) \*'hen tWp iCkjhnvrejistors are connected m pinUci with a 24-voit batteiy, the total cuiient flow 
in the circuit is - . - ' . 

a. SampcfM. 2.4 amperes. • ' ' ' ' 

b. 4.8 amperes. ^ d. 1.2 amperes. 

38. t026) The total current in a panii«i circuit is ^ ■ 

a. Im ihaa tile current through any of the branches. 

b. equii to the sUm of the currents through all of the^brinchej, 

c. equal to the source voit^ drndtd by the a^n of the resistance vaiuei. 

d. equ&l to- the source voitmge divided by the value of the smallest branch resistaLr-e, 

39 (027) A dc generator does which ^ the foilowiij^ 

a. Uses sUprings to connect the armature 16 (Reextemal circuit. 

b. Reverses current tlo^ periodically in the external circuit, 

c. Produces alternating current in the armature. 

d. Doubles input fw^er with sine wave output. ^ 

40, {027) .alternating current is produced By ^ 

a. transforming rectifiers. - . . 

b. bridge -type rectitlcation. 

c. movmg a magnetic field into coiled conductors, 

d. rotating resistors at 60 revolutions per second in phase. 

4i (027) The output of a generator may be inaeascd fay aU of the following methods except 

a. moving the conductors with greater speed parailei to the lines of force. 

b. mcreasing-^the speed of relative movement between the magnetic tlcid and conductors. 

c. increasing the strength of^he magnetic tleid. 
rbmrung the mo\jiftg conductor into a coU. 

42. (02S) A cod in an ac circuit has a ' 

a. frequency which will not vary. 

b. fara4 opporition. 
^, ,^ .^i ^' farad of reactance. 
i^Tftr^ d* back EMF. 
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(02S) The process by which current m one loop of the primary wmdmg induces voltage m loops of a 
secondary winding is called 



a. scif-uiduction. 

b. mutual reactance, 

c. mutual inducuon, 

d. conductive reactance. 
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44. (028-029) Which oi the foUowing would you escpect to find in a re«on&nc ac sarm circuit? 



45. 



4. Mcumum current 
Miximum oppouiion. 



c. Minunum cunent. 

di Z^ro voiU|t4t tht rficior. 



(029)- A parailtl reunanra^^it provides « 

a. minimum impedance foFlfie passap of Us hannonic frequencies. 

b. maximum impeiiaflce for the passage of nooresonant frequencies. 

c. mmimum impedance for the passage of its resonant frequency. 

d. maximum impedance for the paaage of its resonant frequency. 



46. (029) Current developed by ma^etic Hux transfer in transformers is 



a. dc only. 

b. ac only. % 

c. measured in microfarads. ^ 

d. symboUzed With two long lines ^etvreen the tran^ormer primary and secoryiaries. 

47. (029) Applying the resonant frequency to a series connected inductor and capacitor causes 



a. this frequency to be blocked. 

b. cunent m the circmt to be minimum. 



c, impedance in the c^cuit to be reduced* 

d. impedance in the circuit to become higher. 



4S. (030) When placing a milliammexcr in an electronic circuit, you should instail it so thaf 

a. the meter parallels the power source. ' ' 

b. the meter resistance does not affect the power source output, 

c. most of 'the cunent passes through the circuit component being sifted by the meter. 

d. current through the meter is the s;?ine as that which passes through tiie circuit ccmpot^eius. 

49. (030) Which of the following statements is cbrrect concerning a pAxallei 4^fcuit? 

a. Voiuge across eaich compooent is.Uie same. 

b. Cunent through ^ch of the components is the same. 

c. Resistance of each of the components is the'same. 

d. Total resistance is the aim of the componcai values. 

50, (033) What aroiit condition results wjien you pfovide-rever^ ^ bias to a PN junction? 

a. Battery current withdrawal is increased. 

b. Power source'is^ut off automatically. 

c. Battery* current withdrawal is decreased. 



d. Power source voltage is decreased. 



(034-036) Which of the foilowuig circuitl' is the most acceptable transistor amplifier? 



a. Common-emitter. 

b. Commoh-basc. ' 



^c. Commoh<oUectoij^ 
d. Grounded base. 
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52. (034) A s^iut which is \ifps at ths qjutpnxt q( i tmmstor than it wu at ihS tiput hu 



c Uttk vtiut in «i9Ctxcmk dqyi{»£itnt. \ 
t imatt potntiii icrott iht lotd resistor. 



53. t034) When a PNP tnasistor Is used as an amplifier, a positivc-foing input signal should 



a. revma th« battery bias, 

b. ovtrcome the batteryibias* 



4 c. stabilize the hattery^bias.; 
^ ^ d. be observable at the output. 



54, (03^ Which amplifier conducts withcfut intenuptioa so that its output signal is iin^? 



a. Class Afi. 

b. Class A. 



Class B. 
d. ClasiC. 



55. (037) A dxcmt fuse opens because the circuit resistance has 



r 

a. decireaeed^^causini a dicreasein current. 
6. increasad, causing a decmse in current. 



c. decreasetit (iausing an increase in*^curreru 

d. in^eased, causing an increase in cumnt. 



56. (03.7) When noise is a symptom of circuit trouble, you should inspect the 



a. fuse and ON lamp. 

b. inductor and capacitor. 



c. di^f^riminator and ON-OFF switch- 

d. thennistor and resonant transformer. 



57. (037) Iniinite opposition is in an electronic circuit whfcn 



a. a capacitor is tested. 

b. a resistor is shon-drcuited. 



c. a cap^tor is short-circuiled. 

d. a series*connected device is o^n. 



58. (040) The sound wave for a steady tone is represented graphically by a wavetoiTn that is 

i 

a. similar to the one used to illustrate a distorted ampiified^signal. 

b. similar to rhe one used for pure dc, 

c. unit'orm in shape. ^ , « 

d. uneven in shape. 
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59 i040> A vibrating body or object produces sound waves by-' 

a. moving membranes at db levels in the outer ear. 

b. thinning and rarefying receiver carbon granules. 

c. ccxnptts^ng and bunching surrouiuiing granules of air. 

d. compressuig and rarefying groups of atmosphetic partf^es. 

bO. (041 ) In which of the following is it impossible for soufid waves to travel? 



a. Vacuum, 

b. Solid metal. 



c. Body of water. 
Tank of pure air. 
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6 ! . (04 1 -042) Th* »rly tele|rfipnt produced by Alexander Graham Beil converted sound wives to elwtrical 
Sravesby 



a. varying the dc of a battery. 

b. varying tHe resiitana? in the transmitter. 

c. inducing ^^oltage in a coil within the teiephdoe. 

d. applying an ac current to a coil in the telephone receiver. ^ 

62. (042) The early Bell telephone converted electrical waves co sound waves by 

^ a. varymg the dc current applied to the telephpne ^ceiver. 

b. applying dc speech waves to a coil in the telephone receiver.^ 
}c. varying the resistance of a coil in the telephone receiver. 

d. appiyiBf^ electrical waves to a coil in the telephone f cciivcr. 

63. (0^3) In sound-powered telephony, the etectrical power used for voice transmission a 

a. furnished by a hand i^nerator. 
* b. generated by t|ie telephone transmitter. 

c. j^ncrated by the tetephone induction coil. 

d. furnished by a dry<eil battery in each telephone set. . . 

. 64. (044) When a sound-powered recover is rci;5eiving the electrical waves prod 
transmitter, the receiver armature is operated by * ^ 

a. elecuomagnctic attraction. 

b. electromechanical polarization. L \,' ■ ' 

c. a connecting rod attached tp the receiver diaphragm. 

d. a push-^od which extends from the receiver diaphragm to the armature. ^ 

65. (044-045). Paring transmittal with the telephone set illustrated in figure 36 of the text, resistor Rl 

a. limits the 'Sidctone through the receiver element. 

/ b. limits the direct current through the receiver element. 

w. reduces the voice frequency cuncnt applied to termmal LI. 

4'. reduces the battery ciirrcnt through the pfrimary and transmitter cucuits. 

DO. {p45> When incoming voice sipais are received with the telephone illustrated in figure 36 of the Text, the 

vi^nal passes through the telephone from LI to L2 by which one of the foilowmg paths? 
/ • * - 

1, Through the generator switch contacts, capac;l^r CI, receiver RE 1 , and resistor RL 

b. Through the generator switch conucts, transmitter MKl , and the talk contacts of switch SL 
THrpugh thf generator switch conucts, capacitor CI, receiver REl , and listen contacts of switch SI . 

d. Through the generator switch contacts, capacitor C 1 , receiver REl , and the talk contacts of switch S i . 

o?^ (045) If the generator switch were switched to, the opposite position from the position shown in figure 
of the text, the telephone would then be m portion for 

a. receiving voice signals. c. receiving ringing signals. 

b. icndrng nnging signals. ' d. transmitting voice signals. 
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^045) In local-biticry telephones, the cicctricai energy used in voice irananmion is supplied by 

a. the telephone transmitter. 

b. 1 bituty ii^c ccctrii office. 

c. a battery in c*ch telephone set. . 

d. a generator in cich telephone set, 

(046) The transmitter on a locai-b^ltery telephone changes sound waves into eicctncal waves^'by 

/ i 

a. inducing a volta^ in the tnnsfhitting circuit: 

b. varying the resistance in the transmittitjg circuit. 

c. generating alternating current in the transmitter circuit. 

d. varying the source voltage applied to the transmitter circuit. ' ^ 

(046) The wave produced by the carbon transmitter is ^ 

a. pure direct current. 

b. variable direct current. 

c. pure iltenuting cunent. 

d. variable alternating current. 

(047) The addition of a fA^cKwinding induction cod to the early locai-battcry telephone 

a. provided the required circuitry for moving the battery to the switchboard. 

b. permitted the use of a battery in the secondary circuit, 
u^crcased the trananitting power of the telephone. 

d. decreased the tclephoM line resistance. 

(04S) Placing the receiver on its hookswitch 
< 

a. disconnects the hand genmtor from the line circuit. 

b. discpnnccts the telephone ringer from the line circuit, 

c. connects the transmitter, battery, and receiver tc the line circuit. 

4. disconnects the transmitter, battery, and receiver from the line circuit. 

(04Q) When the sidetone circuitry of a telephone is functioning properly, you siiould 

d. be able to hear your voice In your own telephone rcceiv^v. 

p. not be able to hear your' voice in your own telephone receiver. 
c. not be abie to hear background noise in your telephone receiver. 
J. be abie to hear only the voice of the party at the other telephone. 

(G4^) With locai^battery telephones, the ringing current is normally of what frequency'^ 

J. } 5 c>'cle5 per second. c. 60 cycles per second, 

b, :0 L7cles per second. d. 108 cycles per second. 
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75. (04&) W^cn hand gcnentor of a locai-battcry telephone is operated, the output of the ^ncrator 
armature u cj^ected to the line circuit by 



a. a hand-operated switch on the rinpr. - 

b. a handoptratcd switch on the telephoiw housing. 

c. ^ automatically operated switch on the hand ^nerator. 

d- an automatically operated switch on the telephone housing. 

t. {04S) The telephone circuit shown in figure 44 of the text allows telephone A to signal telephone B. 
Which of the following changes to the circuit would allow telephone B to signal teiephonc A? 

a. Change the generator switch in telephone Ef to its opposite position. 

b. Change the gencratot svatch in telephone A to its oppoate position. 

c. Change the generator switches in both telephones to their op|K>site positions, 

d. Change the generator switch in telephone A to the same position as the switch in telephone B. 

7. (049) If a circuit such as is shown in figure 45(d) of the text balances out the adctone effect of the sound 
entering the transmitter, it receives sound from the distant telephone because the 

a. circuit is unbalanced for signals enteung at terminals Ll and L2. 

b. cucuit is balanced for signals entering 2t tcrmmals Li and L2. 



S. t049) If ratio of impedance ZllZZ is e^Liai to the ratio of impedance Z3/Z4 in the circuit shown m 
%iew B of figure 45 , the 

3. difference in potential across the receiver is unbalanced. • 

b. cunent through the receiver is of medium value. 

c. circuit IS unbalanced. 

d. cu'cuit IS balanced. 

^. ^050) in the circuit shown in figure 46 of the text, sidetone Ehrough the r-ceiver is heid to a minimum 
because 

J. there IS no voltage induced in the lower induction coil wuiding. ' 

b. the voltage m the upper mduction coil winding cancels the voitage m the lower coil. 

c. the current m the center wmding of the induction coil n opposite from that m the primary. 

d. .he voltages applied to both sides of the receiver are of equal but opposite polarity. 

0 i05 i I In figure 47 of the text, the current that passes through the winding of 1201 \$ 

s. pure dc. c. pulsating dc. 

b. pureac. d. pulsating ac, 

1 1 05 U)52) In 2 common-battery telephone system, tlie eiectncaJ power required for operation is ^'uppiied 




a. the ccnirai office. 

b. banenes m each telephone. 

c. batteries it the central office ind m each telephone. 

d. tfiectnca] power ; lants located Jt various pomts m the system. 
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(052) The primary circuit of the common-battery system illustrated in figure 48 of the text consists of the 

a. transmitter, capacitor, and the primary winding of the Induction coii, 

b. transmuter. rinj^r, and the primary winding of the induction coii. 

c. transmitter, hookswuch« and the primary winding of the induction coil. 

d. transmitter, hookswitch, and the secondary wiiMing of the induction coil. 

(052) Most of our modem telephone systems are of which type? 

a. Manual local-battery. c. Automatic local-battery. 

b. Manual common-battery d. Automatic common-battery. 

(052-053) In the telephone circuit shown in figure 48 of the text, capacitor C 

a. functions as a pan of the antisidetone circuit. 

b. functions as a part of the transmitting circuit, 

c. blocks dc from passmg through the ringer. 

d. blocks ac from passing through the ringer. 

(053) With a manual common-battery system, the telephone user signals the switchboard operator by 

a. using his hand generator. 

b. lifting the receiver from Us cradle. 

w. dialing zero on most telephone subsets, 

d, lii'ting the receiver and usmg the hand generator. 
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This workbook places the materials you need where you need them whUp you 
arc studying. In it, you will find the Study Reference Guide, the Chapter Review 
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study matenals. Yom will have a single reference pamphlet in the proper sequence , 
for learning. 
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STUDY REFERENCE GUIDE 
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1 Use this Guide as a Study Aid. It ctnphasizes all important study areas of this volume. Use 
the Guide for review before vOu take the dosed*book Course Examinanoo. 



2. Us€ the Guide for FoUow^p after ^ou complete the Course Examinoiion, The CE results 
will be scat to yoA on a postcard, which will indicate ^'Satisfactory" or ''Unsatisfactory'* cogipif- 
tioo. The card will list Guide Numbers relating to the items missed. Locate these numbers^ in the 
Guide and d^w a linte under the Guide >Jumber, topic, and reference. Review these areas to 
Insure yc^ur mastery of the course. 



Guidt 
Number 

Guide Numbers 200 through 213 
200 Introduction to Station Equipment for 
Com mon-Battery Systems; Telephone 
Components* pages I-S 

ZQl Comparison of Local-Battery and 
Common^Battery Systems, Common-Battery 
Telephone Circuits^; pages 5-9 

|- ZOZ Introduction to' Station Equipment in 
Automatic Sj^'stems; Common-Battery 
Systems, pages 10-12 



Guide 
Number 

207 Other Telephones, pages 31-32 



\ 



203 The Dial Telephone; The Touch-Tone 
Telephone; pages 12-13 

204 Control of Switching Equipment; Telephone 
Dial Construction, Operation, and Wiring, 
pages 15-18 



211 Introduction, to Telephone Station 
Maintenance, Troubleshooting, and Repair; 
Pr^entivc Maintenance and Corrosion 
Control, pages 46^9 



205 The 500-Type Telephone: Components, 
pages 18-24 



112 Test Equipment, pages 49-57 



206 The 500-Typc Telephone: Circuits, pages 
24-30 



213 Fault Location and Repair oi Tetephpnc 
Sets, pages 57-64 
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CHAPTER REVIEW EXERCISES 

* m 

TfufoOowoitaiercisa art Study aids. Wnt* yguF mwwm in pencil in the space provided after each - 
^ exercise, frnmet^eiy after complettnt each set of exercises, check your responses against the ansyt^ 
that /«4 Oo not submit your aiawen to EC! for gradinf. 

CHAPTER 1 

Ctojectim: To dtoioWate an uaderstindiufi of the equipm«nt and components uwd u station equipbent in 
the comnu)n-binery tclephoM system. To operate conunon-faattery telephone circuits and use telephone 
diagrams. 

I : Which telephone components are nonnaily housed by the modeni telephone handset? {I A, a) 



2, What is the mam purpose of the telephone nandsct ?ord? (1-1,6) 

3. Assuming thii a common-battery teiephooe does not contain a network assembly, which major compo- 
nents would be housed in the telephone housing? (i-l.c) 



I 



4. On in ordinary telephone installation, where is the mounting cord used? (1-1 , d) 



5 . Name four major compoaents of the modem telephone set. (M ) 



How is the resistance of a transmitter varied by sound waves^ (M, 5) 



WTiit IS the primary difference between the old solid back transmitter and the carbon cup* transmitter^ 



S. Whtn the transmitter unit of a modem "telephone becomes defective, how is it repaired? (1-9) 



What does it mean if it is said thai a transmitter has noise-canceUng ciiaractenstics? ( i-10) 
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10. Why is the pcmuacnt magnet important to receiver opentioa? (Ul 3-15) 
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1 1 . How is ihc perrpincnt magnet arranged in the modem telephone receiver? (1-17) 

1 2. What are the main functions of the telephone induction coii? ( 1 - i 8) 

1 3. What are the main functions of the capacitors used in telephones? (1-20). 

14. What is, the main difference between local-battery teiephony and common-battery telephony? (2-1) 

\ . . ■ * 

15. Whit is a telephone exchange? (2-4) 

1 6. Name the major components of a lo^^-battery telephone. (2-5 ) 

17. Why is it that locai-faattery telephones will function in a system that tfoas not ha>^ a central office? (2-6) 

18. Why is it necessary to have a central office when common-battery telephones are used? (2-7, 8) 



19. With common-battery telephones, how is the switchboard operator signaled from a telephone substation'^ 
(2^9) 



20. In comparison with the local-battery system, what ^e some of the advantages of the common-battery 
telephone system? (242, 13) 



! 1 - With a three-winding induction coil, such as ihown m figure 10, what names are cummoniy used for the 
windings? (3-2) 
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11. Wuh the tcUphonc circuit dlimrated in figure 10 of the text, the hookswitch contacts would be placed 
in whal position when the handset is placed on its cradle'^ (30) 



23, In the circuit illustratcdm figure 10 of the text, which one of the induaion coil wmdings is connected 
into the circuit in a direction that is opposite from the other two windings? (3-3; Fig, ID) 



24. In a circuit such as illustrated in figure 10, which component would be considered as the heart of the 
antisidetunc circuit? ( 3-4) - * , 



chapter: ^ 

Objectives: To show knowledge of how to install and repair equipment used in automatic (dial) telephone 
systems. To trace the dial (common-battery) telephone drcuitt To demonstrate an understanding of the 
circuitry and operation of the SOO-type telephone, and the general construction of expiosionproof and weather- 
proof sets. ^ 



1 , What arc the mam Terences between the manual common-battery system and the dial common-battery 
system? (4-1) 



How IS the switchboard battety conncctea to the subscriber'^ telephone in the manual common-battery 
system? (4-1) 



3. Name tbui basic types of eiectromechamcai dial telephone systems- (4-3) 



4. Dunng dialing with an automaiic telephone system, how are the dial pulses established on the telephone 
Ime' (4-5) 



What mfonnation does the dial tone convey to the calling party (4-6) 



How ire telephones connected jutomaticaily by the dial system^ (4-6, 7) 



\ 

\ 



7. With a simplifiiJd dUi syt^cm, such u illu|tr»t©d in figure 12 of thfr.tea, the diiiing of the number 68 imo 
the conntfnor switch woiid move its wipe^i^to what portion? (4-7) 



\ 



S. What is the main difference between the XY and siep<by«4tep dial systems? (4^) 



,9 , If a telephone subscriber dialed the number 54 into the ttcpping switch of an XY telephone system, the 
switch wipers would step to what position? (4-9) \ 



10, What is the purpose of the pulse spring contacts used in the telephone dial? (5-2) 



1 1 . How many times do the dial pulse springs open and close^reak and make conuct) when the digit 0 is 
dialed? (5-2) 



1 2. As illustrated by figure 1 3 of the text, which telephone circuit is interrupted by the dial pulse spring? 

- (5-2) 



1 3. Why is the receiver circuit disabled during the dialing of each digit? (5-3) 



14. As illustrated by 'figure 13 of the text, which telephone circuits are affected by the closing of the dial 
shunt spring contacts? (5-3) 



15. .\s shown m part B of figure 1 3 of the text, the 0,7-mf capacitor serves what purpose? (5-4) 



16. As shown in figure 1 3D of the text, the main transmitter circuit from terminal L2 to ternunai Li is 
through which telephone components? (S-S) 



l7. WTiat tones are connected by the teiephqnc line by a touch-tone telephone following depression of 
pushbutton 5? (6-2) 



18. Whtt subscriber actions opcfatcs iclephoire switching «iuipment? (6-4. 5) 



19. Docs a telephone call which extends through siep^y-step equipmeat and between rotiry dial subicrifatri 
require signal v'onvcrsion? (6-6,7) 



20, Identify the equipment to be inspected if signal conversion fails to occur. (6^) 



21 . With a simpUfied dill isO. switch circuit, such as shown in figure 1 5 of the text, what happens when the 
subscriber renwvw the hundiet from the cradle of his telephone? (7^2) 



With a simplified dial and swUcfa circuit, as iiiustratcd in figure 1 5 of the text, what happens in the dr- 
cuit when the subscriber dials a given digit? (7^3, 4) 



!3. Explain briefly how the telephone dial operates. (7-i, 5) 



24. a telephone equipment installer-repairman, name a dial system control device for which you wUl be 
responsible. (8-1) 

4 

25. Name the device Which serves as a guide for the subscriber preparing to dial a desired number, (8-4) 



Zb. Why IS a fuigsr stop on the telephone diaH (8-5) 



2'^. What is the purpose of the puise cam used with the telephone dial'' (S-^) 



:S. Wliat IS the purpose of the shunt spring assembly used in the telephone dial? (8-9) 



What IS the purpose of the shunt cam assembly used m the tf ^^-ohone diai? (8-9. 10) 
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30. Haw is tht pulsing rate at which tht Lins circuit is pulsed cont rolled? <8-14) 

31. Wiy must the ttlephaat dial operate at the proper speed? (8-14) 

32. What is the proper dial speed for the majority of telephone systems? (S-14) 

33. How is the speed of a telephone dial pornuliy checked? (845) 

34. During the dialing sequence, when do the shunt springs return to their normal position? (8-9. 16) ^ 

35. Which pair of spring conucts perform in approximately the same manner in ail telephone dials? (847) 



36. In the dialing circuit shown in figure 17 of the text, what function is performed by the contacts between 
dial springy and '^'^ (84 S) ' ' 

37. In the dialing drciut shown in figure 1 7 of the text, what is accomplished during dialing by the dosing of 
the conucts between dial springs 3 and 4? (848) . 



38. In the c^-cuit illustrated in figure 17 of the text, the contacts between dial springs 1 and 2 will open and 
close how many times when the digit 4 is dialed? (84 8) • 



3^. What telephone is most widely used throughout the Air Force? (9-1 ) 



40. VVhicil of the commercial SOO^typc telephones used by the Air Force have parts that are interchangeable? 

(9-2) 



41 . From the standpoint of appearance, what is the main diiferencc in the looks of the dial on the 500 tele- 
phone as compared with the early model dial? (9-3) 



:i;n 
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What is the difference beween the handset cord used with the 500 telephone and the handset cord used 
with the older model telephone? (9A) 



43. Name seven basic components that must be used in a dial common-batterv telephone to provide 
satisfactory service. |,9-5) 



44. In comparison with the units used m older telephones, how has the transmitter unit in the 500 telephone 
been improved? (9-6) 



45. How are the handset cord conductors connected to the transmitter unit in the handset used with the 500 
telephone? (9-7) 



46. In addition to serving as a mounting for the transmitter, the plastic cup used in the handset of the SOO 
tc^phone performs what other important functions? (9-7) 

47. Wh^ is the purpose of the varistor that is connected across the terminals of the receiver m the handset of 
the 500 telephone? (9-S) 



4S. How are the handset conductors connected to the receiver unit in the handset used with the SOO tele- 
phone^ (9-S) 



4^1 What IS the purpose of contacts F and G on ihc hookswitch used with the 500 telephone? (9-10) 



50. On the 500 telephone, wh-^ is the position of hcx)kswitch contacts B-C and D-E when the handset is re- 
moved from its cradle? (!) C 



51. In respect to,c6nstruction. what is the main difTerenee between the coils used on the 500 telephone ringer 
and the ones used on older telephones^ {'^■12) 
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S2. ^ Which parts are repii^^abis oq th« SOO telep[u>ne ringer? (9*1 3) 

i \ 



53. Whit spring coauca are ptovidod on the dial usad on the 500 telephone? (9-14) 



54. What is the purpcM of the ofT-aomul (^stacts used on the 50O telephone dial? (944) 



55. Explain briefly which parts of the 50Q telef^one are contained in the netwqrk assembly. (9-16, 17) 



S6. Hbw is the SQO tdephoot aormally repaired 9ihm a network part berames defective? (9-18) 



57. Name the prindpai circuits of the 500 telephone. (9-20) 



;8. In reference to figure 26 of the text, the primary induction coil winding located between network 
terminals RR and R is identified by which letter ^number combination? (9-20) 



59. In reference to figure 26 of the text, which two induction coll windings, in coniunction with rcastor'tlZ* 
form a series circuit between network terminals RR and GN? (9«20) 



(>0. As illustrated by figure 26 of the text, which side of the central office battery is cr^aiected through to 
tcrrmnai 12 on the network? .(9-21) 



b\ . What IS usually meant by a ground symbol on a ti^lephone wiring diagram? (9-22) 



b2. During the installation of telephone wiring at the connecting block, what practice is rfbrmally followed by 
uistailcr-repairmen to help m the identification of the tip and ring sides of the line? (9-23) 
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0^ . .\5 cormecteu tn Oie circuit illustrated In figure 26. what is the purpose of th«.>eUow mounting cord con^'--^ 
ductor that IS connected between the tip terminai of the connecting biock and<he G tcrmuui on the ( 
■ network? {9-24. 25) 



b4. Why should the handset be on its cradle when the 500 telephone is receiving ringing current from the 
central office? (9-25) 



65 What type of ringing current is rtormalTy supplied from the central office'' (9-2&) 



66. Assuming that a specific haif<yde of ringing current ieave& the central office via the tip conductor, passes 
through the orcuitry shown ia figure 27, and then returns to the central office via the ring conductor, 
which direction wiU this current pass through the slate-red ringer lead in the iUustration? (9-26) 

J 

o7 Rf moving the handset from its cradle on the telephone circuit iUustrated in figure 26 will place the hook- 
witch contacts in what position? (9-27) 



bS, With the tip and ring conductors in figure 28 connected to central office battery and the handset removed 
trom Us cradle, how would the current fiow in the inductioa cod winding between termmals RR and C 

09. When someone speaks into the transmitter of a telephone such as iUustrated by the circuit in figure 28, the 
induced voice currents from the induction cod appear across which terminals of the network? (9-30) ' 



'0. The laiker circuitry of the network (fig. 28) consists of which parallel circuits ' (9-30) 

/ 

! Use figure 28 to determine the induction cod windings and the network termmals us«d when voice cur- 
rents are received by a 500 telephone. (9-30. 31) 



:. ^V"he^ receiving with the 500 telephone (fig. 26|. the induced currents that fiow ;n the receiver are induced 
ui which winding of the mduction cod'.' i 9-jl , 32) 
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73. During receiving with Oie 500 teiepiionc (fig. 26), she iaducai cuncnt that Hows through the ccceiwr 
from network tcrminai GN to actwork tcnninai R returns :o the induction coil winding vu which 
circuit paths? (9-32) 



74, What IS meant by the term antisidetone? (9-34) 



5. Name two ways in which the network assembly functions during a normal teiephone conversation, (9-34) 



76. Why IS It that the voice currents received by the 500 teiephone induce a strong voltage in induction coU 
winding (9-35) 



in figure 28 of the text, the t ransm itter and resistor Rl are connected into a series circuit. What other 
components of the network form a scries drcui^that is connected in parallei with the transmitter and 
resistor Rl^ (9-36) / 



^S. How dues the circuitry shown in figure 28 reduce sideione during transmiSMon? (9-36) 



'9. In respect to the SOO telephone, the dialing current passes through^he network components via what 
orcmt paths? See figure 28. (9^8) 



SO. In the network assembly of the 500 telephone, m figure 2S, what is the purpose of capacitor C27 (9o8) 



[n reference to ihc 500 teiephone, tfxplam how the off normal contacts of the dial short out the receiver. 



82. Name some other types of telephones that use the same type of network arcuitry as that used in the 500 
telephone. iiO-l ) 




S3. Expbin bnetly how telephones are constructed to make them explosionproof. (lOO) 
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CFIAPTER 3 



Objective,: To show ioiowiedgc of the functions of mamteruno: and mamtenance nunagement and inspection 
systems, and to siiow a ioiowiedge of reiaied documentation. 



Whit ihould result from having management ccntraiizcd? 1 1 1-1 



-• ^o*^ maintenance performed at workcenter Y6720 is 



level maintenance. {1 1-1.2) 



Replacing a 4008 KTV for the 1 A2 key system would most Ukely be what level of maintenance" (11-2) 



4. What level of maintenance is used when modifying a 212A fo 



r emergency use ' (11-3) 



5. Where should you send a telephone system component that needs to be calibrated 



or restructured"^ (11-4) 



o. At the organizational level, who directs the maintenance programs? (12-1 



List lesponsibilities of the chief of maintenance. (12-2) 



^. Name an effective methou by which the chief of mamienance will manage mamtenance for .his orgamza- 



*^ Identiiy the maintenance directives !rom ihe ciucl'ot' maintenance, (12-4) 



10. I'se text figure and name the staif positions for the chiel" of maintenance, (ilo) 



Usi tour duties tor the production analysis section li the CEM. i 
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12. Identify consideraiions for training management when preparing a training program. (12-7) 



13. Name the inspections for which quality control is responsible. (12-10) 



U, Give^tsroccdurcs to use when a rcpainnan is suspected of performing maintenance poorly. (12-11) 



15. Name ifae chief of maintenance office to whom you would submit a request for Bell Telephone Spccifica- 
tions, (12-12) 



lo. Identify the rtlethod you will use to correct observed dcficiendes, (1243) 



P. To whom do you report when requesting additional KTUs for your organizations? (12-14) 



18. List fundamental factors for planning and scheduling maintenance, (12-16) 



19. What type mamtcnancc would fcpbccment of a wire clamp be? (12-17) 



ZO. Identify the publications to use when documenting maintenance, (12-18) 



2L Nqime the materiel control function that orders 400B-type KTUs and monitors to see that the order will 
imve as scheduled. (12-19) 



W>at procedure docs management use to identify problem areas of mainteruince and forecast requirements? 

113-1) 



:.v Of what system is the AFTO Form 349 a part'' (\3-2) 



1a7 f /; 

ERIC 



24. - Describe a way in wJudi gooci maintenance minigemeni improves the o'rsaaization. (IJ-I-S^ ' 



^25. How did the .\ir Force simpiily miintenalice flocumeout^n for the tedmidin? (1 3.3-5) 



26. Using text figure 32 as your guide, determine a job control number for the tenth job for June 20 1972 
(13-6) . f 



27. Identify the letter that you wiB use on maintenance forms to designate thatV main^t^ce beinj? per 
formed is on 302 system equipment. (13^) « per 



fo^M^TillDT^'"' ^^"^"^ ^ "^"^ "^ ^'^^'^^ "^P^ maintenance 



l^r^llyUU^uT ""^""""^ ^d.ts«inS 10 relays in a key system, how many minutes did you average 



30. What type maintenance form entr>' do you make to mdicate the type work you have done to 302 system 
equipment? (13-12) 



3 i . Having corrected a trouble duhng routine maimenance, where do you get the entry to place in block E of 
the Maintenance Data Collection Record form? (13-12) 



32. Wliy must you use the correct codes when compieting a Maintenance Data Coilect^bn Record form ' 
<13-i4j 



33. Usmg text figure 33 determine the man-hours used to fmd and correct ail loose comiections in the 500- 
type teiephoncs. (13-15) 



-4. NV-hat IS :he most necessary control required for producing an etficient maimenance orzamzaHon.' 1 14-1 



3 f ■; 



14 

\ 



(14-3) ^ 



35, Identify the code to use when you have spent a half-hour washing and polishing the shop vehicle. 



\ 

36. Who checks each master roster and identifies the errors, if there are any? (14-4) 



37. ^ Hos ,)cs the exception card relate to good management? (14-5) 



38, Wtui circumstance permits a workccnter to have more man-hours to Us account at the end of a reporting 
period ihan when the period began? (14-6) 



39. Name the entries you will nuke on a maa^hour accounting card. (14-4, 6, 8) 



40. How are airmen helped by mainter^nce records? (15-1) 



41 . What document is your authority to install a telephone for a customer'' (15-2, 3) 



42. Compare the telephone set installation work order with the key system record/worksheet. (15-3, 4) 

\ 

CHAPTER 4 

r 

Objectives: To show knowledge of how to maintain and inspect telephone sets, to detect and control conosion. 
and to use telephone test sets, click sets, and multimeters. To locate faults-repair telephone sets— using test 
equipment to test telephone circuits and components, and to correct troubles m telephone parts and assemblies. 

I . Name two categories into which general tclephose maintenance may be divjt3e3T ^ntro.-2) 

\ 

1. Why, ire preventive rruintenance inspections performed on subset installations? { 1 6-1 > 
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3. 't^nr. Of as^cutcd equipment ^ouid you inspect when Ipokirg tor iroubi« « a subset m:rt*lkuon 



^" jl^l^'nl Ml It ' in^taiiation. what would you look-for whOe 'impacting the 

5. Why shouJd the carbon blocks m a station protector be in good condition^ ( 1 6-1 , c) 



o. What one thing, more than anything eise.Vs largely responsible for the formation of corrosion ' (16-3) 



' . While inspecting the termmais, winng. protectors, erc^, at a sabset instaUation. what should you look for 
to detect corrosion? (16-2-4) - * 



S- How IS corrosion normally controUcd'? (16-6, 7) 



^ '21^^ at^'"^^ ' tdephone. subset, what factor, should you consider relative to the prevention of corro- 



i 0. WT,en corrosion ^ found m . component of a substation instsHation, what should be done to correct the 
situation ■ Ub-lO) 



.■J^ a supervisor of telephone mstaiistion, dunng what part uf a specUk imtailation job would you consider 
:hc prevention of corrosion'M 16-1 h . J . / 



Name four operations of the telephone set lo which malfunctions may be isolated. ( H-n 



: h^t is Lhe tust step that vou should take when you ire troubleshooting in the subset area ' ( P - 



7^ 'J^') 
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14. VVTiy must you follow a series of systemitic steps when troublcshootipg telephone equipment? (17-4) 



1 5 , Why should the troubieshooting procedure be carried through to the finti step even though the telephoM 
malfunction is located by one of the first stejs made? (l7-i) 



1 6. When looking for iroubles at a telephone installation, why should you exan^he and test the associated 
^ equipment (terminals, drop wiring, etc.) before you test the internal circuits of the subset? (17^) 



17. If you were troubleshooting in a subset area and it becune necessary to use test instruments, at what 
point In the circuit wouid you perform the first test? (17-6) 

18. If you were troubleshooting in a subset area and you found that the trouble was on the central office 
side of the pole terminal, what should you do to correct the situation? (17-6) 

19. V^)iy should the correction of troubles in the subset area be coordinated with the wire chief or test desk 
operator? i 17-6, 10, 11) 



20, Why should the wire chief perform tests before he sends an installer-repairman out to look for troubles in 
a subset area? (17-11) 



If you were assigned the job of finding a trouble at a subset installation, how could you do the job systcm- 
aticaUy^ (18-0 



How can the installer-repairman use the telephone test set to determine if battery is present on a spedfic 
telephone pair? (18-2) 



23. How can the installer-repairman use the telephone test set to identify the battery side of the line? (1 8-2) 
:4. What response will you aotc from a elicit set if you connect it to an open circuit? (18-3) 
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:5. Th. b.n«y.pow«.d click S.I i. u«<i to :« wlut .yp. of ..iephon. dreuiL? (! S J) 

« 

26. Explain brietly how a tdephoiw click set is constructed. ( 1 8-5) 

th. condt^tot^l^i ( I s!^) ^ """" ' "•"•■y-pow.r^i dick s.. b.tw«n onT^f 

ret"™n\Tot9r'^°' " " "^"^^ ^^"^"^ with the same basic 



TeferTo^'atfor^^' ^ " ^« ba.c 



l^^l^:; ^ "^^^^ nonnaily used to read ac v^ues w,th 



31 - *1nch of the multin^eters descnbed in the text provtde for the most accurate testing? (18-12) 

32. In respect to ohnis per ^^It, what is the sensitinty rating of tiie TS.297/U multimeter^ (18-14) 

33. What IS the largest voltage range provided on the TS-297/U multimeter? (18-15) 

34. On the TS-297,aj multimeter, which jack is common to ail measurement.? (18-15) 

-^5. On the TS-29'7/U multimeter, what is meant by the lab^-i "RX m" u^^t-w u 

:owerpartofthemeterMi8-15) ^^^^1 R-XiQ louited by a resistance .jack at 
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36. While measunog dc miiliampertt with the TS-297/U muitimetcr, which jaci: must b* used a$ the negauve 
connecuon to the meter? (18-15) 



37. What a the purpose of the rheostat Io^:2ted just below the meter on the TS.297/U multimeter? (18-16) 

/ ■ ■ . _ 
— the three basic scales used on the face of the TS-297/U multimeter. (18-17) 



39, To interpret readings on the various scales of the TS.297/U multimeter, how would vou determine which 
scale to read? (18-18) 



40. If you were usmg the TS-297/U multimeter to rawRire an ac voluge of about 200 volts and you wanted 
the meter pointer to deflect to approximately half-scale, which meter jack would you lise. whae would 
you set the selector switch, and what meter scale would you read? (18-19) 



41. If you arc measuring a dc voltage with the TS-297/U multimeter and the red test lead is plugged into the 
40GV jack, the selector switch is set in the DCV-NiA position and the Winter on the meter U5 pomtmg 
to the number 20 on the 0 to 40 DC scale, what voltage reading is bemg indicated? (18-19) 



42. If you are measuring a dc vdtage with tli S-297/U multimeter and the red test lead is plugged mto the 
lOV jack, the selector switch is set in the DCV-MA position, and the pointer on the meter is pomting to 
the number 25 on the 0- to 100-DC scale, what voltage reading is bemg indicated? (18-19) 



43. When preparing to make a resistance measurement with the TS-297/U multimeter, how would you set 
Lhe meter to zero? (18-21) 



44 When you measure the resistance m a circuit with a multimeter, why should you disconnect the circuit 
from its power source? (18-21) - 



45. If you are making a resistance measurement with the TS-297/U multimeter and the red lead is plugged 
, mto lhe RX 10 jack, the selector switch is set m the OHMS position, and the pointer on the meter is 
pomtmg to the number 30 on the OHMS scale, ho^ much resistance is indicated? (1 8-22) 

i 
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46. if you wanted to meisure a :tmtmct vdue of about ^nn i, v u 



E,p.a. p„^. ^^^^ ^^^^^^^ 

^ I - If you are mcasunng dc voitaee with rh^. P^vi a i 

5-. If you 

i 



— 'o the portion Identified by U ntmbeL 5 1 'h?'"' °" "^"'^^ - 

:atcd? (! 8-29.30) " ^ ^« sc^c, how much volrage is 



r 

oitage :hat uan be measured *,th the PSM-6 multimeter^ - 18-33) 



^l^at . Che purpose of the OL'TPLT po.t.on on a.e PSM. muiome.er' , 1 8-3 
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57. Without using th« accessofy instrumtnt shunt, whit ii the miximum amount of current thit cm be x3^^ 

mt .uicd wLih the PSM*6 rnultimeier? (18*35) 



58. When you uie the acctsiory instrjunent shunt to read nuxnnum current with the PSM-6 multimeter, 
wiuch scale should you read on the meter face? (lS-35) 



59, If you wanted to meisurc a resistance of approximateiy ^ ohm* with the PSM-6 multimeter and you 
wanted the meter pointer to deflect to 2 position near the lower end of the scale, at what positions 
ihouid you set the FUNCTION and RANGE switches to make the measurement? (1 8-37) 



60. If the meter pointer pmnts to the number 6 on the DC scale when you are measuring microanrpercs with 
the PSM-6 multimeter, how many microamperes arc indicated? (18-38) 



OL Name some at the general precautions that should be observed when usmg a multimeter, (18-W) 



b2. Give the main precautions that should be observed when using a multimeter to measure cunent values. 



63. Name the mam precautions tJhat should be observed when using the multimeter to measure resistance 
values, (18-43) 



(>4. l! you are troubleshooting in the subset area and you find that the subset is functioning nocmaily 

except that its beils do not nng when signaled by the central office, what circuits should you examine 
nexx^ Why? (19-1) 



55. When a trouble is believed to be in a telephone set, svhat checks should you make before you test the 
mtcrnai ciicuus of iht set? (19-3) 



if you iiave traced a troubie down to a teiephone set, what operational tests should you then perform to 
help m isolating the malfunction? (19-4^ 
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Assuming that you are troubl«sliootiEi« an insuUed telephone, expUin briefly how you would perform 
operaiionti tests on the set. (i 9-5,6) 



68. When lociiizmg a trouble in an iMtiUed telephone by monitorini iti operation with a teiephoM test 
set. to what basK circuits may the trouble be isolated? (19-7) 



69. When you check the operation of an installed telephone by moniioring its operaUon with a test set, what 
IS indicated if you cannot hear dial tone in either the teat «t or the telaphone receiver when the handset 
1$ removed from its cradle? (1 9-8, a) 



70. When checking the operation of an instaHed telephone by monitoring its operatiorT with a test set, what 
IS mdicated ifUfou cannot hear dial tone in the receiver of the telephone when the handset is removed 
from Its cradle but you can hear it in the receiver of the test set? ( i9-8,b) 



7 1 . When checking the operation of an instaUed telephone by maoitoring its operation with a test set. what 
is indicated if you continue to hear dial tone in both the telephone and test set receivers after dialing a 
number wiih the telephone? ( 19-8.c) 
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Explam bnctly how you would pertorm a complete mspection of a telephone handset. (19-11) 



'3, U you find the ruiger biasing spring is broken on a late model telephone, how should the unit be repaired-^ 

(i9.i:,c) 



'4. Explain bnsily what you would look for while inspecting a telephone hookswitch. (19-13) 



'5. What are some of the mam things to look for ^vhc^ inspecting such items as an induction coil or i neiwork 
assembly ' i 19-14.1 5) 



'6, ^Vhit are itis main points to be checked when- inspecting a telephone dial'? ( 19-r) 



What would you look for while inspecting the handset and mounting corsis? (19-18) 



^S, ^l\tn you test the resutj,ace of teienhon? components with a multimeter, wh,y u it neceswy to 
disconnect some of the units during the test? (19*20) 

/ 

T9. When testing the resistance of a telephone componerit with a miiitimcter » why should you select a range 
that will give you a reading on the lower half of the meter scale? (19-20) 

J 

SO, How would you test the 10 lA induction coil with a multimeter? (19-21) 



S I . The specified resistance value for the primary winding of the iOl A indibbdon coil is 22 ohms. Would 
you consider a 101 A induction coil to be defective, if its pnmary winding measured 20 ohms? Why? 
(19-21) 



S2. Why u It -hat a network assembly may still be defective even when all of its resistance values arc 
satisfactor/' (19-22) 



S3 Why should you always lock up the specified values for any telephone component that you may be 
teatmg? (19-23) 



34. Why IS a rr.istanc^ test of a transmitter not very rciiabic? (19-25) 



85. ^hat checks can be performed on the dial contacts with a multimeter? ( 19-26) 



S6, Explain how a ongmg or talking capacitor may be checked with a multimeter, 19-271 



S^. When you test the receiver and transmitter circuits, as illustrated m hgu.es 44 and 45 o\ the text, which 
one ol the circuits ^ouid be tested tirsf' ( 19-29) 



3~r 
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i«V Explain how m<; tcicphonc transmitter circuit is tested with a telephone test receiver. ( 19- :9-3 1) 



»^ WHen tetituig the transmitter circuit as illustrated m figure 44 of the text, what is indicated if the test is 
^..slactory i^om poin# A to point B. but it is not satistactor>' frdm point A to point C ( 19-30) 



( 



^50. it you were testmg from point A to point B of a transmitter circuit, as shown m figure 44 of the text 
*hat wouid be indicated if sound did not come through the test receiver"^ { 19-30) 



^> I Wncn testing a transmitter circuit such as the one shown in tigure 44 of the text, what is u.dicated if the 
t«t from point A to pomt C is satisfactory but sound does not come through die test receiver while 
testing Irom pomt A to point D.' (19-31) 



txpiain how the telephone receiver circuit is tested with a telephone test receiver. (19-3:-34) 



■J.v When testuig a receiver circuit such as the one shown in figure 45 of the text, what is indicated if 
click is neard while XsUng from point .A to point B? (19-33) 



no 



■'4, W>ien testing a receiver circuit such as the one shown m figure 45 of the text, what is mdicated if 
-:iick IS heard when the test receiver with its battery is connected directly across the termmals of the 
handset receiver ' ( l'5-34) 



no 



'^l-.c-n Lhc telephone di^ :s at rest ino number being dialed), ns oulsing contacts are in what nosiiion'^ 



Tr.c pulse ^p^^g jontacls m 2 telephone dial arc m what position when the subscnber v: taikinu ov-t h'< 
tt-Mepnonc ' ( '.^^-jS ) 



^^h\ IS JiAi ipeed jn nnportaiu lactor in the op-eratiun of a dial leiephone ' ( I'-^-ic. 



Wlui Jul puUe 5D<;ed :s used with mobt ..)f ili;- iutomatic iwitcunu sv stems' ( i^-.-M 



3-^7 

If :i tekphune dial is operatmg the proper speed, how long should it take for it to return to ifs normal 
posmon when you dial the digit zero' { 19o6) 



100. When the d^ai assembly is not functioning properly, what is the best method for correcting the trouble? 

(19oS) 



iOl. What funcuon of the hooks\*itch contacts is common lo practically all telephones? ( 19^) 



102. What \s the purpose of the shorting contacts used on the hookswitch of some telephones? (19-40) 



103, Why 15 a capacitor connected m senes with the ringer on common-battery telephones? (19-42) 



104. If the nnger capacitor m a telephone subset shorts out, what. is the effect on the telephone system? 



105. When the ringer u defective on the modern telephone, what is the normal method of repair? { 1943) 



106. With the modem telephone, how are such components as the trarsnutter, receiver, hookswitch, net vork 
Assembly, and instrument cords usually repaired? ( 194-547) 
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.\NSWERS FO,R CHAPTER REVIEW EXERCISES 
^ CHAPTER 1 
1. The transmitter and receiver ire housed by the telephone handsel. 

:. The handset cord provides a meaiiS of connecting the transmitter and receiver in the i^dsci with the 
components ui the telephone housing. W 

3. Tlie common-battery telephone housing with other than a network assembly would contain the nnger, 
hookswitch, induction coil, capacitors, and either a dial blank or a dial assembly. 

4. The telephone mounting cord is used to connect the circuitry of the telephone housing to the telephone 
wiring at the connecting block. » 

5. The four major components which make up the modern telephone set are: 

a. The handset. 

b. The handsel cord. 

c The telephone housing assembly. 
d. The telephone mounting cord. 

b The resistance of a telephone transmitter is varied by changing the pressure appUed to its carbon ^anules. 
When sound waves strike the transmitter, the diaphragm vibrates, changing the pressure on the carbon 
granules. Thus, the resistance of the transmitter is varied by the sound waves sinking the transmitter 
diaphragm. 

The difference between the soUd back transmitter and the carbon cup transmitter is in uk» carbon 
iirangement The cup provides a more positive contact between the carbon granules and allows the 
transrmlter to be moved freely while ih use. Such movement was not possible with the solid transmitter, 
because the loo.* granules janed enough to create a frying noise. 

S. The modem transmitter unit must be replaced when it becomes defective. 

>J ^ transmitter with noue-canceiing charactensucs wdl transmit only the sound that is fed duectly mto 
it. Thai is. It will not transmit the sound that is produced either behmd or at the sides of the umL It may 
also be said tiut this transmitter has directional charactenstics. 

1 0 Tue permanent magnet is important to receiver operation because it aids the receiver m maiong a good 
reproduction of the transmitted sound. Without the pcrmanem magnet, each alternation of receiver 
current attracts the receiver diaphragm, causing it to produce sound waves that are twice the frequency 
ot the tr^miitcd sound waves. 

11. TTie permanent oiagnet in the modem receiver is nng-shapcd; Oius, it concentrates the magnetic lines 
of force near the receiver diaphngrn. 

! The telephone mduaion cod aids in the reducnon of sidetone while transmittmg; and u provides lor good 
transmission ind reception. 
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13, Some 01 the mam funcuons of telephone capacitors arc: 

a. To block dc current from pawing tiuou^ components such oi the anger and receiver. 

b. To pass rmging and voice currents as desired. 
L\ To a;d the induction coU during operation- 
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14. The mmi deference between locai- and common-battcry ceiephone systems is in how the electrical power 
IS tunmhed for the system. With iocal-battery systems, the power is furnished at each telephone set. 
With common-battery systems, the cicctxical power is furnished from the central office for ail of the 
telephone sets in the system. 

15. The cenual office with its connected lines and substations is called a telephg^e exchange. 

lo. The major components of a local-battery telephone are the receiver, transmitter, battery, induction coU, 
switch, hand generator, and nnger. 

1 ' With local-battery telephones, the sources of electrical energy for transmitting and signaling are included 
in each subset Therefore, local-banery telephones may be used in a system that does not have a central 
office. 

1 8. Since common-battery telephones arc not equipped with the necessary components for generating their 
own electncai power, they must be connected to a system where the power for signaUng and transmission 
is furnished. 

19. The operator is signaled by a lamp which operates automaticaUy when the handset is removed from its 
cradle at the substation. 

:0. The chief advantages of a common-battery system are that a cenUaUy located battery is easier and more 
economical to maintain; the line voltage is more constant, and the user can sigaai the operator by simply 
removing the handset from its cradle. 

: I . The induction coil windings ;irc usually called the primary, secondary, and balancing windings. In many 
cases, however, the balancing winding may also be called the tertiary winding. 

22. Placing the handset on its cradie in the circuit illustrated ui figure 10 would open both sets of hookswitch 
contacts. 

« 

13. The secondary '.vinduig is connected into the circuit m a direction that is opposite from the other two 
bindings. 

-4. The mduction coil is the heart of the antisidetone circuit. 
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I . "^'^^^^^^^on-h^^^^^^ systems, the switching and connectins of siauon, ,s done bv operators in 
the .entrai olfice. W.th dul common-b«tery systems, the switching and connecting of sutK^n^^ done 

3. J. Stcp-by-stcp system. 

b. XY system. 

c. -reiay system, 
J. Crossbar system. 

^^^t^^ ^"'^ '""""^ and closmg the d^al pulse 

5. tone abdicates to the cdlmg party that the cqmpment is ready for him to dial the number of h^ 

"'l""^ connection, one step at a tune, as each digit of the number is dialed. If the 
.ailed station u not busy, a « signaled by the appUcation of ringmg current through the last switch ui 

a '^'f'T- ^« '-^^ "-ov« his handset from its cradle to answer the Xli^ 
connecnon between the two telephones is^completed. 

T. The diahiJg of the number 6S into the connector switch would first move the wiper up to the 6th row 
and then around to the Sth terminal m the 6th row. 

S. The^cnain difference between the ,XY and step-by-step dial systems is m the type of stepping switches 

^. The diohng of the number 54 into an stepping switch would fir.t cause u to take 5 steps m the 
\ auecuon and then 4 steps ui Lhe Y direction. ^ 

10. rhc dial pulse contacts (pijlse springs) puise the central offici switching' equipment aunng dialing, 
n ■ The dial pulse springs open and ciose 1 0 tunes when the digit 0 is dialed. 

[ :. A. shown by this Olustxanon. the telephone cir^ut from terminal L2 to terminal LI is interrupted 
nus. ot course, mtcmipts the lir e circuit to the tentrai office during diahng. ' 

. 3. lhe receiver is disabled during the dialing penod to eimimate the clickmg noise that would otherwise 
be present m the receiver. ^uiciwisc 

4. As^own ^ this Illustration, the lower shunt s-pnng shorts out the receiver, and the upper shum spnngs 
^ort out the transmitter and primary winding of the induction coil. 

5 Hie O.T-mf capacitor, m conjunction with tiie 100-ohm resistor, serves as an arc suppressor for 'he 
piiise spnng contacts. 
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As shown uj figure 13D, the mam transmitter cucmt from terminai L2 to termuui LI is through the 
transmitter, she 2-1 winding oi the induction coil, the^diai pulse contacts, and the h^>okswitch 
contacts to tennmal U. . 



Depression of pushbutton 5 results m tones 770 and 1336 cps bein^ connected to the Line. 

Lifting the handset and dialing sends puiscs of electnc current which open^tc the telephone equipment, 
but in issoi:iation wuh the dial there must be tones. 

No. .\ call between two rotary dial subscnbers is connected by telephone switching equipment in the 
normal manner and requires no signal conversion. 

When signal conversion fails to occur, the interface equipment should be inspected. 

When Che subscriber removes the handset from the cradle of^his telephone, the hookswitch^oscs, 
completing a circuit through the dial pulse springs, the telephone lines, and realy A in the central 
office. This causes relay A to o{*efate and to extend ground to the ciroiit of relay B. This 
ground is extended by the action of the contacU which are shown directly below relay A. The 
extension of ground to relay B causes it to operate, dosing the contacts to the magnet circuit. 
The magnet cucuit does not operate at this timeyhowever, because relay A is holding the grounded 
armature (shown directly below it) in cojpitact with the relay B circuit, 

12. To dial a digit or number, the subscnbcr must first remove the handset from its cradle. 
Remgvai of the handset from its cradle. places the circuit in a condition as described' in the 
answer to question 2 1 . With the circuit in this condition, the dialing of a digit opens and closes 
the pulse spring contacts the same number of times as the number of the digit dialed. Each 
time that the pulse spring contacts open ind close, relay A releases and reoperatcs. As relay 
A releases, the grounded armature moves downward, extending ground to the magnet circuit: 
jnd the reoperation of relay A immediately 'Lifts the grounded armature to reestablish contact witli 
the circuit to relay B. This action pulses the magnets one time, moving the switching equipment one siep. 
Each time that the pulse ^rlngs open and dose, the magnet circuit operates to step the switchmg 
equipment one step. Thus, ^hen a specific digit is dialed, the equipment is pulsed ur stepped the 
same number of times as the number of the digit, 

2i. To dial a specific digit or number, the subscriber places a fmger in the proper hole of the finger 
piate (linger wheel) and turns it in clockwise iiiection until his tinger touches the finger stop. 
He then removes his finger from the hole in the fmger plate, allowing it to return to its normal 
po:{Uion. When the subscriber starts to turn the finger plate, the first thing that happens is that 
' the bhunr springs opetate to short out the transmitter and receiver. As he continues to turn :he 
linger piate, it wmds up or tightens the dial dnve spring. When he removes his tinger from the piate, 
rhe spnng drives the dia^ and governor, returning the dial to its normal position. M the dial 
recuTTis to us normal position, it operates t!.e puismg springs, opening and closmg them the >ame nuMber 
or tiites as the number dialed. As the fmger piate reaches its normal position, it operates the shuntmg 
<pnngs, placing them in thei^mormal position. 

'4. You will be responsible for a dial. 

^: riic fm^er piate serves a guide for the subscriber preparing to dial. 
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^v^. The nnger stop is provided tb insure ihii the turns ihe finger plate to ihe proper position whiic 
dialing each digit oi 4 number. 

During tliaiing, Lhe pulse cain actuates the main pulse spring, making and breaking the circuit the same 
number of ^imcs as the digit dialed. For example, if the digjt 5 were dialed, the pulse spnng cnniact 
would break md make the circuit 5 times. In other words, it would open and close the circuit 5 times. 

^p. Ihe shunt spnng aisembiy (shunt contacts) diiables the receiver durmg iiaiing; and, wiih some types 
ot dials, the assembly also shorts out ihe transmitter during the dialing period. 

Z^h Dunng dialin|, the ^unt cam operates the shunt springs, disabling the receivar. Also, with some types 
oi dials, the shunt cam operates a pair of contacts, shartmg out the transmitter. 

30. The speed at which the finger wheel and dial mechanism operate dunng the return period is controlled 
by the dial govemor-thus, the pul^ rate is regulated by tie governor. 

3 1 . The telephone di^I must operate at the proper speed because the telephone switching equipment 
operates best at this speed. If»the dial operates either too fast or 100 slow, the switching equipment may 
fail to follow the dial pulses. 

32. The proper dial speed for most telephone dials is 10 pulses per second. 

33. A dial speed tester is no^ally used to check the speed of a telephone dial. However, the instailer- 
repairman normally calls the test desk to have this check perfonned, 

^4 rhe di; hunt spftngs return to the:r normal position just as the finger plate reaches its normal 
position at the end of 2 dialing ^quence. 

35. Die pulsing contacts perform m approximateiv the same manaer m ail celepiiones. 

In the circuit diustrated m figure 17. the contacts between dial spnngs 5 and 6 function by opening 
the receiver circuit during the pulsing sequence. 

3" in the arcun jUustrated^ figure : the closing of the contacts be^-vvcen dial spnn'^s 3 and 4 short 
..rut the transmitter and the pamaiy wmdmg of the induction cod ..unng the pulsing sequence. 

In the cucuit illustrated m figure 1'^. the contacts between springs I md 1 wul open 4 times ind 
Jose 4 umcs when the digit 4 is dialed. 

^^^^ The 5iX>tvpe teiepnone is most ';ommoniy used. 

M). The reicphones that ire manufactured by Western Hlectnc (^.nnp•dny and in*-K.eiio§g have inter- 
whangeabie parts. 

4 [ n^ff main duference in the appearance of this dial is that the letters and numbers on the 5(X) 

telephone dial appear on the housmg around the outside of the umt while on tlie oidcr :eiephor.cs 
:nev appear on ?he housing under the finger piaie. 
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^: The handset curd for itie 500 telephone has four conductor while the handset cord used with the 353 
v;lder teiepiiones nomiaily has three. . 



The seven banc components used m the dial common-bgttery telephone are: the transmitter, 
receiver, dial* hookswiich, induction coil, capacitor, and ringer. 

44. The carbon granules in the 500 teicpnone trAsmilter provide a moit uniform contact-chus, 
an improvement in the quaiity of transmission is provided. Also, the carbon cup and diaphragm 
electrode are shaped in such a manner that the carbon granules cannot fail into a comer and pack. 

45 . The transmitter unit in the handset of the 500 telephone engages spring contacts in a plastic cup 

as the umt is assembled. The transmitter conductors in the handset cord arc attached to the terminals 
of the plastic cup by screwtype terminals. 

46. In addition to being a mounting for the transmitter, the plastic cup serves as an acoustic cavity 
back of the transmitter and as an acoustic shield between the transmitter and receiver. 

47. The varistor that is conncc^-^d across the receiver termiiiais protects the user from high acoustic 
levels which may be causel by stray voltages; and it also protects the receiver magnet from 
being dcmagactizcd by stra/ voltages- 

4S. in the handset used with the 500 telephone, the conductors in the handset cord are attached to the 
receiver unit with screw-typ.* terminals. 

49. Contacts F and G on the hfcokswitch are used to short out the receiver when the handset is m 
place on its cradle. 

' 50. When the handset is removed from its cradle, hookswitch contacts B-C and D-E close to connect 
iht telephone lines to the network and telephone circuitry, 

51. In the 500 telephone the ringer assembly uses two coils wound on one spool -older telephone 
nngers use two cuds but each one is wound on an individual spool. 

52. The entire ringer can be replaced as an assembly; or, the finger coil, cod core, and brass gongs can be 
replaced individually. 

53 Oi: -normal contacts are provided on the dial; one pair tor pulsmg, jind the other pair tor shorting 
out ihe receiver. 

^4. The Oft-normal contacts are used to short out the receiver dunng dialmg-thus, eiimmating clicks 
from the receiver. 

55 . Besides the induction coil and ringing capacitor, there are three other capacitors, three resistors, 
and two vanstors contained in the network assembly. 

56. When a network part is ri^t functioning in a satisfactory manner, the telephone is normally repaired 
by replacing the networklassembly. 

57. The principal ciicuits of tie 500 telephone are: the transmitter circuit, the receiver circuit, the 
nnger cifcuit, the dial ciicLt, and iht antisidrtone circuit. 
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'58. The induction cod winding between tenninils RR md R is identified by che letter-number comfainauon 
PI. . 

% 

5*5. Induction coil windings PI and SI , in conjunction with reastor R2. form a series circuit between terminals 
RRandGN. 

"W, shown in figure lb. ihc negacivc side of the central office battery would be coanectcd through to 
terminal L2. 

CjI . A ground symbol on a telephone Nviilng diagram usually means a common connection to positive batter>', 

oZ, The insialler-fcpairmaa normally uses a red wire for the ring side of the line and he connects the ring 
wonductor to the nght-hand terminal on the connecting block. 

63. ' As ihowTi in the iilustration, the yellow lead is used to complete the ringer circuit. 

C4. If the ringer is to operate properly, the handset must be on its cradle to open hookswitch contacts B-C 
and D-E. Otherwise, the ringing current would be applied to the receiving and transmitting circuitry. 



0^, 



Normal ringing current is an ac voltage of about 85 volts at 20 cycles per second. 



t?6. Tins haif<ycie of current would pass through the slate-red ringer lead from terminal A on the network to 
the 2650'Ohm ringer coil, « 

^V'hcn the handset is removed from its cradle, hookswitch contacts A-B and F-G break (open) and contacts 
B-C and D-E make (close). 

t^8, ,\s dlustratcd m figure 28, the maui path of current from termirul RR to terminal C (as shown by the 
heavy lines) is through svinding PI , the transmitter, resistor Rl , and winding P2. We must not overlook 
the fact, however, that there is current flow between terminals RR and C via resistor R3 and vanstor 
CR2 and also via winding PI , varistor CRl , winding S2, and winding P2. 

o9. The inducsd voice currents from the induction coil appear at terminals RR and C of the network assembly. 

"0. The two paths through the .network that are said to be equalizer circuits extend from terminal RR to C as 
follows; { 1 ) through resistor R3 and varistor CR2 and {2) through wmding PI , vanstor CRl , and wmdings 
S2 and P2, 

''l . ^Vhcn voice cunents are received by a 500 telephone, they are applied to the induction coU windings of 
the netwoirk via ternunals RR and C. 

"2. Dunng receiving, the receiver current ;s induced in winding Si . 

''3 The induced receiver current returns from terminal R to the left-hand end . the winding SI via four paths 
OS toilows: ( 1 ) through capacitors C2 and CI to winding SI ; (2) through resistor R2 to wmduig SI ; ( 3) 
through vanstor CRi and capacitor CI to wmding SI ; and {4) through the transmitter to terminal B and 
then through resistor RI , windmg S2, and capacitor CI to winding Si . 

"4. The term antisidetone rel'ers to the cucuit features that reduce, the sidetone in the receiver circuit to a 
Jcsirable leveL 
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"5. The network a&$cmbiy funciions ^ a receiving circuit when incoming voice cunents are applied to tenni- 
fuis RR and C. and it tunciioni as a transmitting unit by applying voice currents to the line when some- 
one speaks into the transmitter. 

'^6. Dynng receiving, thf voice cunents th&t pass i&ough windings PI , ?2, and S2 produce an additive voiuge 
in winding SI. Therefore the mduccd voltage irstrong. 

^7, Winding S-l and varistor CRl form a scries circuit that is m parallel with the series circuit formed by the 
tiansmilter and resistor Ri . 

78. During tcmsmission, the current thxough winding S2 varies in the opposite direction from the currents 
through windings Pi and P2. Therefore, the voltage induced in winding SI by winding S2 is ISO'' out of 
phase with the voltage induced in winding Si by windings PI and P2. For this reason, the voltages 
mduced in winding SI oppose each other, reducing sidetone in the receiver circuit. 

79. Most of the dialing cunent passes through the network via the following paths: (1) from terminal C 
through varistor CR2 and resistor R3 to terminal RR; (2) from terminal C through windings P2 and S2, 
varistoi CRl, and winding PI to terminal RR; and (3) from terminal C through winding P2, resistor Ri , 
the transmitter, terminal R, and winding PI to t^minal RR, 

80. Capacitor C^, in conjunction with resistor R3, forms a capacitance resistance bridge across the pulsing 
contacts of the dial. This acts as an arc suppressor to protect the pulse contacts. 

81 . The off-norrial contacts of the dial are connected via the white dial leads to network terminals GN and R. 
This in effect j^laccs the ofrnorraai contacts across the receiver leads— thus, shorting out the receiver 
dunnf, the dialing period . 

82. Some of the telephones that use basically the same network circuitry as the 500 telephone are as follows: 
The 554, 558, 564, 565, 630, and 631 senes. 

83. Basically, a telephone is made explosionproof by sealing its components into a gasproof housing. 
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General telephone maintenance may be divided into categories: preventive msimtenancc and conecuvc 
mauntenince. 

Preventive [nauucnancc inspections are performed to keep the equipment in good condition and to avoid 
mtemipnons m service. 

The issooated equipment that must be inspected at the subset msialiatjon includes ihe pole temunais, 
drop winng, protectors, station wiring, connecting blocks, etc. 

You should inspect the drop winng to see that it is in good condition, property attached, and that it has 
sulTiciem dearancc between it and any trees, powerlines, buddingi, etc., in the area. 

The station protector must be m good condition to offer maximum protection to the subset installation 
and circuit components. 

Moisture, more than anything else, is responsible for the formation of corrosion. 

To detect conoaon while inspecting the associated equipment at a i.ubset installation, you should watch 
tor any rusting, eating away of materials, corrosion around ternunalij caused by electrochemical reactions, 
and the collection or presence of moisture at any part of the installation. 

< 

Conosion in subset installations is normally controUed by using shelters, covers, etc, to prevent moisture 
from entering the system components. Also, it is controlled m outside equipment by using materials and 
components that have been designed to withstand rain, snow, hot sun, etc. 

To prevent corrosion in the subset mstallation, you must take into consideration the use of proper 
materials, both inside and outside of the buildihg. Also, you must consider the driest routes and locations 
lor inside winng and components. Furthermore, you should always plan to install the nght kind of 
equipment m a mmner that will withstand the conditions at the particular installation. 

Once corrosion has developed in a telephone installation, it is quite likely that you will have to replace 
some of the equipment and take the old units in for cleaning and repair. When replacing the equipment, 
however, you must take every precaution to prevent the recurrence of corrosion. This may include the 
selection of other types of instruments and perhaps the rerouting of the inside wire runs. 

\s a supcnriscr you must consider the prevention df corrosion'durmg the planning of all installations. 
.-Vise, you must insure that, the mspections performed by your crew include examination tor corrosion. 

The four telephone operations arc as follows: 

Signaling the operator or scizmg the automatic switching equipment. 

b. Receiving the ringing signal. 

c. Transmitting sound. 

d. Receiving sound. i 

The Iirst step in trouWi^shoonng is i visual check, which will generally locate damaged or worn parts and 
wiring. ::^omeiimes M may aiso locate lipusuaj or unsafe conditions. $uch as a telephone wue tangled with 
the power Imc. 
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Troubieshooting procedures have been developed so thai every part of the equipmeat cjin be checked 
thf rcby aUowtng the job to be done with maximum effectiveneu in 2 minimunj amount of time. When 
the rep«innin -resorts to a hitnar-mm procedure, he may not only overlook a vital part, but he may also 
get a !alse indication from some tested part. 

The troubleshooting procedure ser>-es two purposes: to locate and to prevent troubles. Since vital links 
tn communications can be kept in service by catching trouble when it stans to develop, you should fmish 
all troubieshooting activities completely. 

The associated equipment (terminals, drop wiring, etc.) is more likely to give trouble than is the subset 
uself. Furthermore, the subset cannot function properly unless the associated equipment is m good 

condition. 

The testing of ciiciks iii the subset area should be started at some point in the circuit that is known to be 
good. To locate su* a point, however, may require you to check the drcuit'at several places To do 
this, try contacting i\ central office from different places in thevcircJs, For example, by using a test 
phone, try to conUct the central office from such points as the ^Kting block, the ibtibn protector, or 
the pole terminal. When a position is located where you can contact the central office, you can then 
assume that the circuit is satisfactory from that point to the switching equipment. 

N^Tien you Tmd that a trouble is on the central office side of the pole terminal, it means that the trouble ' 
IS either m the central office or that it is in the telephone cable or line. When the installer finds ttiis to be 
the situation, he should then contact the central office and request that a spare pair, if available, be 
assigned for use wifiTtltfc malfunctioning subset. v 

To operate, the common-battery telephone must be connected to the central office equipment. For this 
reason and to insur/ that the subset and the cenual office wi. function £ a system, the repair and testing 
ot a subset must be coordinated with the wire chief or test desk operator 

i 

<Vhen a subset faUs to operate, the trouble may be sn ^ny one of three general areas: the central office, 
the telephone line or cable, or the subset area. For this reason, the wire chief must perform tests to 
determine the approximate location of the trouble before he can dispatch anyone to fix it. 

Tlie best approach is to fust identify the trouble with one of the systems or circuits. After this, voir 
should trace out that panicular system or circuit until you locate the trouble. 

::. To determme if battery is present on a telephone pair, the instailer-repaimian should listen for a ciick in 
t.he test set receiver as he connects its lead across the line or cable pair. 

. The installer-repairman can identify the ring or battery side of the line by first connecting one lead from 
the test set to ground and then by alternating touching the other lead to tust one side of the Une and^ 
then the other. A loud click should be heard m the test set receiver when the battery or ring side of the 
Line is touched. \ 

:4 Connecting a click set to an open circuit (a poml without a potential] resuiti in no sound trom ilie test 
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25 . The battery-powered click set is used tor testing circuits that have no other source of power applieti 
during the test. 

26. Bwicaily. the dick set is consuucted by connecting a tciephone receiver in scries with a bsitery. Continu- 
ity is mdicatfid by a loud click in the receiver. 

27. A loud dick indicates tiiat the circuit is complete between the conductor and ground. Therefore, the 
condiictor is grounded. 

28. To measure different amounts of voltage with the same basic meter movement, resistors with different 
resistance viiues are switched in series with the meter circuit. 

29. To metsure different amounts of current with the multimeter, retnstors (called shunts) are switched in 
parailei with ihe basic meter movement. 

30. To read ac values with a dc meter movement, the multimeter uses a rectifier unit that changes the nc to 
dc value before it is applied to the meter. 

31 . O: the muitimeten d^cnbcd in the text, the AN/PSM-6 multimeter provides for the most accumte testing. 

32. The sensitivity rating of the TS-297/U is 1 ,000 ohms per voit. 

33. The largest voltage range provided on the TS-297/U multimeter is i ,000 volts. 

34. The jack at the upper right in figure 38 (marked OHMS, -DCV, -MA, ACV) is common to ail measure- 
mcnis performed with the meter. 

35. The label RX 10 located by a resistance jack means that the resistance reading on the meter is multiplied 
by 10 whenever the test lead is plugged into this jack for a resistance measurement. 

36. The jac k. that is common to aU measurements is used as the negative h ) lead durins? all dc measurements. 

J*. Tlie rheostat located just below the meter on the TS-297/U is used to adjust the meter to zero during the 
preparation for a resistance measurement. 

38. The three basic scales on the face of the TS-297/U meter arc: the OHMS scale, the DCV scale, and the 
ACV soJe. 

V 

39, The position of the selector switch on the TS-297/U multimeter determines which scale (OHAfS, DCV or 
\CV) 10 read and the jack mto which the red test lead is placed detej^nmes^the set of numbers to read 
within that scale. / 

To cause the meter to deflect to about half-scale while measuring as ac voltage of approximately 200 
vuUs, you should use the 400V jack, the selector switch ^ould be set in the ACV position, and you 
should read Che 0 to 40 ACV scale, 

41. With the red lead plugged into the 400V jack, the selector switch set m the DCV-MA position, and ihc 
pK:)in!er on ihe meter pomting to 20 on the 0 to 40 DC scale, a reading of 200 volts is indicated. 
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42. With the reU test leaU plugged mio ihc 1 OV ydda and the selector switch set in the DCV-MA position, you 
must then read the 0- to lOO-DC scale is if ii were 0 to 10. Therefore, an indication of 25 on the scale 
would be read as 2.5 voUs. 

43. With the i«i leads plugged uito the proper resistance jacks (the black lead in the common jack and the 
red lead m one of RX jacks), the test prods must then be shorted together and the rheostat adjusted to 
bring the pointer on the meter to zero. If the red test lead is moved to a different RX jack dunng the 
test, the meter must then be reset to zero. 

44. The power tor the resistance test is t'urni&hcd by a battery in the multimeter. Therefore, the unit being 
tested must be disconnected from its power source; otherwise, it will interfere with operation of the 
meter, 

45. With the red lead plugged into the RX 10 jack, the meter reading must be multiplied by 1 0. Therefore, a 
reading oi 30 on the ohms scale is equal to 30 times 10, or 300 ohms. 

4<3. To cause the meter pointer to deflect to approximately half-scale with a resistance value of about 200 
ohms, it would be necessary that you use the RX 10 jack, 

4*", Fifty microamperes of current are required to make the PSM-6 meter movement read full scale. 

4S. The PSM-6 multunctcr provides two sensitivity ranges: 1000 ohms per volt and 20,000 per volt. 

49. The PSM-d muiiimetcr has two control switches and one rheostat. The rheostat is used to adjust the 
meter to zero for making resistance measurements. The FUNCTION and SELECTOR switches arc used 
to select the proper circuit elements to measure either voltage, current, resistance, or output voltage 
levels. 

50. The niaximum resistance that may be indicated by ihe PSM-ti multimeter is 30 megohms (3K times 
10,000^. 

51 . With the range s\^ntch m the 2S0 position, you would read the 0- to 2.5'DC scale. Of course, the 2.5 
position would be equal to 250 volts m this case. 

52. W'lth the range switch set in the -5 position, you must read the 0 to 5 scale. However, you must add i 
uecimal point in front of the value indicated. Therefore, the answer to this question is .3 voits. 

53. When using the accessory probe :o measure up to 5000 volts dc with the PSM-6, you must read the 0 
to S DC scale. 

54 The FL'NCTION switch must be set m the DCV (20,000 oruns per volt ) position. 
5 5. The ma.ximum ic voitage that can be measured with the PSM-6 is 1000 volts. 

^'o Tfie OUTPUT position provides a means of measurmg ac voitage without mterterencc from any dc compo- 
nent :liat may be present on the circuit. 

'>^. Without the accessofv shunt, the maximum current that can be measured with :he PSM-o is I amp-!rLV 
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NVhen the accessory instrument shunt is used in conjwictwn with the PSM^ muiOmcter. the current 
value measured is read on the 0 to 10 scale. 

To cause4he meter to deflect to a position that can be read near the tower end of the sale, the FUNC- 
TION switch must be set in the OHMS position and the SELEC fOR switch should be set ia the . 
n X f 0 {x^sition. 

SiXiy micrt)ampCTCs arc indicated when the pointer points to the number b on the DC scale. 

h 

Some of the gcnenJ precautions that must be observed when using a multimeter are as follows: 
i .\iways read the instructions pertaining to the meter being used. This is a must if you are not familiar 
wit^ the pvt^cuiar meter. ^ 

b. Always start by ufcng the highest range on the meter when the value to be measured is of unknown 
magnitude. 

c Qbservt polarity when making direct-current measurements. 
J. h^dle meter with care, operating its controls very carefully. 
e. Never try to measure the intemaJ renstance of the meter movement. 

^V'hen measuring current values with the muitimeter. you should always make sure that the meter is con-^ 
ncctcd m scnes with tne drculj and that proper polarity is observed. Also, a Urge enough range must be 
iised so that the meter will not be owioaded. Furthermore, when used as an ammeter, U must never 
be connected in parallel with the circuit. 

The maik precautions that should be observed when making resistance measurements are that you never 
connect the ohmmcter to a circuit that has voltage applied, and don't touch the terminals of the unit being 
measured ^th your hands. Remember that the resistance of your oody may upset the reading if you 
touch the terminals during the measurement. 

The subset nnger circuit. When a subset functions normally exctpt for ringing, its nngcr orcuit is at 
fault. 

Before tcstmg the mt^nal c^* *uits of a subset, make a visual inspe -non and perform an opera?ton3i test. 

The oper:3tiunaJ tests that should be performed are the transmission and signaling tests. 

The transmission test is performed by first removing the handset from its cradle and then by acci^rnpliih 
in g the toil owing: 

J. Listening for dial tooe; blowing m transmitter and Ustemng for sidetone; and turning dial slightly to 

bce i{ It cuts otT sidetone. 
^. Dialing the central office and listenmg for any unusual clicks in receiver: carrying on conversation 

opserving quality of transmission and reception; and twisting ^nd stretching the reiephone cards t ^ * 

see }f scratching or sizzling noises are heard. 

The si^aiing test is performed by first calling the central office and men by having rhem nng the 
phone while you arc listening to Its ringing operation. 

The circuits to which the trouble mayj?e isolated ire said to be the ringing, talking receiving, dialing, md 
short-on-Une circuits. 
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09. If you cannot hear di&i tone in either the test set or the tekphope recei^, a no disi thtm sttution exi^ ' 
indicating a shorton-Une circuit. This could mean that the line is either open c» shorted. 



70, 



When you cannot hear dial tone in the telephone ticcmt but you can it in the test set, it iodicaiet 
trouble in tte receiving drcuit. . ^ 



^ I , When you cannot break dial tone by dialing a number^ it indicates trouble in the dia&ng circuit. 

"2. The handset inspection is performed by^tirst unscrewing the caps and removing toth the transmitting and 
receiving umts. The units, contacts, cords, housing, etc*, are then inspected very thoroughly for defects 
of any kind. 

73, When the nnger biasing spring is broken on 3 late model telephone, it is the normal procedure to replace 
the nnger assembly. 

74. In general, the hookswitch should be inspected for free operation and for spring contacts that are clean, 
free of piti, and that make and break the telephone circuits properly. 

73 . When mspecting such items as an induction coil or network assembly, the case and the windings (if they 
can be seen) shouid be examined for rucks, dents, breaks, etc. The terminals and coimechons must be 
thoroughly exaxnined and when they app^ to be satisfactory, the (X^mponents shouki then be tested 
by using an ohmmcter. 

"(S. The main points that must be checked when inspecting the dial are to see that it is securely mounted, that 
the fmijcr stop and finger wheel are neither loose or bent, and that the dial operates and at the proper 
speed. 

^'^^ The telephone cords must be inspected for having cut or frayed insulation, for having good connections, 
and to see that the stays are fastened securely in the handset aiid telephone housing. 

78. When measuring the resistance of telephone components, it is possible for other circuits or components 
to affect the re .ce value of the one being measured. This is true especially when they are connected 
across the circmt. 

Resistance reaijjngs are more accurate when the pointer on the meter indicates on the lower part of the 
meter scale. 

80. To test the 1 01 A mductlon coil with a multimeter, you must measure the resistance of each of Its wixid- 
, ings-pnmary. secondary, and teniary. 

81 . This is not considered to be defective b^ause the resistance values for the 101 A induction coil windings 
are considered to be satistactocy when they don't vary more than 10 percent from the amoimt specified; 

Because of the capadtors contained in it, the network assembly may still be defective even when tlie 
resistance values of ail of its windings are satisfactory. 

S3. Since there are so many different specifications, it is not a good policy to try to remember them. It is 
better to get into the habit of looking up specifications, rather than trying to remember them. 
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54. Since ihc tcmimce of ^ tnmsmiiter vines with dny moveniem of its carbon particies, a measurement of 
Its resmanca is not d very relijU^le test, 

55. The diai conUcts can be ciieck^ for cantmuity when dosed and for propciiy breiking liie dxcuit when 
they ire open. 

86. By usinif the ohms scale on a baucry-powered multimeter, you can charge a ringing or talking capaator 
fust in one direction and then in the other by aitematiL3 touching the leads to the capacitor in first one 
direction and then in the other. While doing this, you must observe the kick on the meter each time that 
the leads arc reversed; thus, you can gci some idea as to how well the capacitor takes a charge In either 
direction. 

87. The transmitter orcuit should be tested first because troubles in the transmitting circuit can have an 
adverse effect on the receiving circuit. 

88. The telephone trtnsmitting circuit may be tested by connecting a test receiver and battery aaoss the trans- 
mittcr. With the circuit connected in this manner, talk into the transrmtter while listening to the test 
receiver. If the circtat is functioning properly, the jound should come through the test receiver loud and 
dear. T^s test can easily be extended to include the components which are normally cormectcd in series 
wth the transminer (dial pulsing conUcts, hookswitch contacts, etc.). The test istixtended by connecting 
the test receiver and battery across a circuit consisting af the transmitter and its series components. 

89. It indicates that the circuit is open between points B and C; perhaps, the fault is ui the pulsing contacts 
between these pomts, 

^0. It sound does not come through the test receiver when testing from pomt A to point B m u circuit as 
illustrated in fugure 44, it indicates thav ihc circuit is open between pomts A and B and that the trouble 
IS m either the RED or BUC leads or in the transmitter unit, 

. b a circuit such as shown in figure 44. if the test from pomts A to C is satisfactory but no sound comes 
through the test receiver when testing between pomts A and D. it indicates that the circuit is open 
between pomts C and D and the trouble is in either the lead or the hookswitch contacts between points 
C 2nd D. 

Thr telephone receiving circuit may be tested by connecting the test receiver and battery across ihc tele- 
phone receiver. If the circuit is satislactory, a loud click should be heard in the telephone receiver at the 
time when the connection is made. As with the transmitter test, the receiver test can also be extended to 
inciudc Che components which are connected in series with th^ receiver. 

93. If no click IS heard w^n testing between pomts A and B in a circuit such as shown in figure 45, it indicates 
that the circuit is open between these points and that the trouble is in either the RED or WHITE leads or 
in ine receiver unit, ^ 



if no dick is heard when the leads of the test ^et are placed directly across the termimls of the handset 
receiver, it indicates that the receiver umt is faulty. 



^5. The pulsmg contacts are closed when the dial » at rest. 
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^6. The pulse spring conucts aie closed; othcnvlse the talking circuit would he open. 

, 9? . The speed of the telephone diii is important because automiiic switching equipment is normally designed 
10 operate best at a specified speed. 

98, Ten puises per second. 

99, Since the telephone dial produces 10 puises when the digit zero is dialed, it should take 1 second for it to 
return to us nonnai position. 

\0i^ When the diai assembly is not functioning properly an the modern telephone, usually the best policy is 
to replace t{je assembly. 

i OL The function of connecting and disconnecting the telephone to line circuitry is common to the hookswitch 
operation on all telepliones. 

102. These shonmg contacts short out the receiver when the phone is not in use. 

103. A capaator must be used in series with the nngcr on the common-battery telephone to prevent battery 
current from flowing through the ringer. 

1 04. With a common-battery telephone system, a shorted nnger apacitor in a subset causes a permanent 
agnal at the central office. Of couxtc, . will also reduce the sound quality for the subset of which it 
belongs since the ringer winding is in parallel to the receiver . 

! 05. The nnger coil, coil core, and gongs are the only parts of the mcdcm nnger that may be replaced. How- 
ever, smce the coil and core should not be removed unless you ^ave facilities for recharging the per- 
iTianent magnet, it is the normal procedure to replace the assembly whenever the ringer is found to be 
defective, 

105. With the modem telephone, such components as the transmitter, receiver, hooicswitch, arid network 
assembly are normally sei viced by urut replacement. That is, when the unit is found to he defective, it 
IS replaced with a new or reclaimed unit. 
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STOP- EXERCISE NUM 

SER. 

36254 02 22 

VOLUME REVIEW EXERCSE 

Carefully read the following: 
DOS: 

1. Check the **course, ' '*voiume/* and *fonn*' numbers from the answer sheet 
address tab agaiost the "VRE answer sheet idratification number^ in the 
rigbthand coiumn of the shipping list If numboi^i do not match^ take action 
to retxmi the answer sheet and the shipping list to ECI immediately with a 
note of explanation, 

2. Note that nimierical sequence on answer sheet alternates across from column 
to columiL * 

3. Use only medium sharp #1 biack lead pencil for marking answer sheet. 

4. Circle the correct answer in this test booklcL After you are sure of your 
answers, transfer them to the answer sheet If you have to change aa answer 
on the answer sheet, be sure that the erasure is complete. Use a clean eraser. 
But try to avoid any erasure on the answer sheet if at ail possible. 

5. Take action to return entire answer sheet to ECI 

6. Keep Voisime Review Exercise booklet for review and reference- 

7. If mandatorily enrolled student, process questions or conuncnts through your 
unit trainer or OJT supervisor. f 

If voluntarily enrolled student send questions^ or comments to ECI on ECI 
Form 17. 

1 . Don't use answer sheets other luan one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 
errors. 

3. Don*i fold spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than with a #1 black lead pencil. 

.VOTE TEXT ?AQE REFERENCES ARE USED ON THE VOLUME- 
REVIEW EXERCISE. In parenthesis afttr each item number on the VRE 
is the Text Page Number where the an^er to that item can be located. 
When answering the items on the VRHT refer to the Te^xt Pages indicated 
by these Numbers. The VRE results will be sent to you on a postcard 
' which will list the actual VRE items you missed. Co to the VR£ booklet 
and locatie the Text Page Numbers for ihjt items missed* Go to the text and 
carefully review the areas covered by Uiese references. Review the entire 
VRE again before you take the closed-book Course Examination. 
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I . (OQl > The mtjor pins of the teiephone handset are the 

i. transmitter and receiver. c. induction coii, transmitter, and receiver, 

b. receiver ^d induction coa. d. transroitter. receiver, and network a«embly 

(002) When the carbon granuies in a teiephone handset transmitter are pressed together, the 

a. resistance of the transmitter increases. c. voltage across the transmitter increases. 

b. resistance ot the transmitter decreases. d. current through the transmitter decreases. 

3. {004) In the output of a telephone receiver, the desired Wave shape in obtained by using a 

a. permanent magnet. c. i«istor. 

b. «;onden5e,r. * d. coil. 

4. (005) On the three-winding induction coii. two of the windings are called the pnmary and seconda^ 
The third winding is called the 

3. P2 winding. c. adetone winding, 

b. S: winding. d. balancing winding. 

5. (00b) In common-battery telephone, the eiectncaJ power for teiephone transmission is furnished by 

a. ihc centra] office. 

b. batteries iu each telephone set. 

c. baitenes in each telephone set and the central office. • 

d. a power supply in each telephone sec and the central office. 

0. iOOT) Which of the following components is not used in the common-battery telephone'^' 

a. The nng^. c. The induction coil. ' ' 

b. Thehookiwffch. d. The hand generator. ■ ; 

i 

(009 ) In the circuit shown in figure 10 of the text, the hookswitch contacts between terminals irtd T 
are used to complete the circuit through the 

a. nnger. c. pnmary windingmd transmitter. 

b. balancing winding and receiver d. secondary winding and transmitter. 

S. (00*?) During transmission, with a circuit such as illustrated m figure 10 of the text, the antisidetone 
drcuit reduces sidetone because 

a. a closed path is provided for magnetic Unes of force between the windings of the mdiiction coii. 

b. the current in one induction cod wmding is opposite to thai in the othtr windings. \ 

c. the current in the pnmaty winding is in ti^ same direction as ilhi m the other direction. 

d. the current in the transmitter is altematmg current dunng transmissjon. 
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, 9 . (0 1 0) In a common-bittety diai teitpboae system^ the chief funcilim oi^tht subset diiU U to 

a« tiijumit dialed number to the sintchbo 

b. act as a remote contnii for the centnii office switching equipment. 

c. extend a conn«tion to the called uiephone via the (filing oard <^uit. 

d. extend a connection to ^e cailml telephone via the^ answering cord circuit* 

10. (010) In the dial telephone system, the central office equipment is ready for receiving when there is 

a. a presence of dial tone, c, an absent of busy tone, 

b. an absence of dial tone. d. a presence of normal sound* 

11. (Oil) Refer to figure 12 of the text. To which poaiti6n would the wiper move if the number 46 were 
dialed into the connecter switch of a ^p-by-step dial system? 

a. Upwird^^^^ 4th r(w, then rl^t to tlr 6th termi^ 

b. Right to the 4th terminal, then upward to tht 6th row, 
w. Upward the 6th row, then right to the 4th terminal, 
d. Right to the 6th terminai, then upward to the 4th row. 

12. (013-014) Refer to figure 13 of the text. Wlwn the dial finger plate is in an off-normal position, it is 
not possible to transmit because the 

a. line loCp is held open. transmitter circuit is open. ^ 

b. pulse springs are shunted. d, transmitter circuit is shunted. 

llJ, (014) In the circuitry shown in figiire 1 3 of the text, during dialiiig the 

a. 4-mlaofarad capacitor is connected directly across the dial shunt springs. 

b . ji^^aofarad capacitor is connected directly across the dial pulse springs. 

c. O.T-microfarad capacitor and the lOO-ohm resistor form a series circuit across the dial shunt contacts, 

d. O.T^microfarad capacitor and the lOOohm resistor form a series circuit across the dial pulse contacts, 

14 (014) Refer to figure 14 in the text. Pressing touch-tone key 8 on the TTMF subset connects low- and 
high-frequency tones 

a. 697 and 1477 to the telephone line. * c. 852 ami 1336 to the telephone line. 

b. 770 and 1477 to the tetephdae line. d. 941 and 13:^ to the telephone line, 

15. (015) Dcctronic telephone systems convert signals between touch-tone stations and rotary dial stations 
vnth 

a. Linetlnder equipment. ^ c. precedence units. * 

: two- wire equipment, d. mtcrface equipnient. 



'a 



47 



ERIC 



16, (01 S) Whea the digit 4 is dislei by i telephone subscriber, the dial puUinti sptixifs interrupt the line \ 
drcuit 

a. four times u the di«l retxiolis to the nonnii portion. 

b. eight times a the diai reti^m to the normal pcaitiosL 

c. four tixnes is the finger oiite is pulled around to the finger stop. 

d. eight limes as the finger^te is pulled around to the f^ger sto^^ 

'x 

17. (016) The telephone diajr u used as a 

a. magnetic unpuise countsr* c« toll ticketing device* 

b. reiay in cio&sbar systems* • d, pulsing device. 

IS. (OlS) When using ^dial-speed tester to check the speed of a telephone dial, the readings obtained are 
based on 

a. digits p«r second. c. pulses per second 

b. cycles per s^nd. d. revolutions per second. 

19. (018) Refe^ to figure 17 of the text. When tlie dial pulse spring contacts 1 and 2 are o^en, line current is 

a. shunted through the transmitter. \ c* interrupted. 

b. opposed by radio cuirenL I d. normal. 

10, (020) The handset cord used with the 500 telephone normally has 

^. two conductors and a shield. \ c. three conductors only, 

b. two conductors only, , \ d. fmir conductors. 

2 1 . (020) In the handset used with l^c 500 teiephoi^e, the conductors of the handset cord are connected to 

« 

a. both the transmitter and receiver by spring contacts. 

b. both the transmitter and receiver by screw ten^inals. 

c. the transmitter by spring contacts and to the receiver by terminal screws. \ 
the receiver by spring contacts and to the iranshitter by tenmnai screws- \ 

f ■ ■ \ \ 

(020 Refer to figure 21 of the text. When the handset of a 500 telephone is on its cradle, hookswitch 
contacts \ 

\ 

X A and B open the recerver circuit. c. y\ and B short out the receiver circuu. 

b, F and G open the receiver circuit d. f and G short ou% the receiver circuit. 

\ ' 

\ 

(023) What IS the function of the shunt contacts for tAe dial of the 500 telephone? 



ti^ dial of 1 



a. Open the receiver circuit during dialing, 

b. Open the transmitter circuit during dialing. 

c. Short out the receiver circuit dunng dialing* 

d. Short out Uie transmitter circuit during dialing* 



4S 



ERIC 



ERIC 



24. (024) When testing subseti in tke repair shop, if the primary vmdiag of 1 500 telephone inductton 
\ circuit is found to be open, the itpimnan should 



a. install an induction coii. • \ c. discard the subset, 

b. instaU a new network. i repair the winding. 

25, (027) When installing telephone wiring in a house, the instailer-repaimian wiU aorraally 

a. use a red wire for the tip side of the circuit. 

b. use a green wire for the ring side of the circuit, 

c. connect tiw red wire on the right-ihand terminal of the connecting block, 

j ± conwct the green ^.ixe on the right-hand terminal of the connecting block. 

26. (027) As shown by the circuitry in figure 27 of die text, the yellow conductor in the mounting cord is 
used to complete the 

a. ringing circuit between the tip comluctor and the network, 

b. talking circuit between the tip conductor and the network. 

c. receiving circuit between the tip conductor and the network, 
(L dialing circuit between the tip conductor and the network. 

2". (02S-029) As illustrated by figure 28 of the text, battery current from the central office flows from 
network termmal 

3. R to network terminal RR via winding PI . 

b. RR So network terminal R via winding Pi . 

c. B to network terminal C via winding P2 and resistor Rl. 

d. RR to network terminal B via winding Pi and the transmitter. 

2S. ( 028^29) Dunng transmission with the telephone circuitry illustrated in figure 28 of the text, the voice 
currents in 

a. winding Pi are aided by those in winding^!, 

b. winding P2 are opposed by those in windiiig PL 

c. both of the primary windings aid each oth^r by inducing additive currents, 
both of the primary windings oppose each other by inducing opposmg currents. 



i02S) During receiving with the circuitry liiustrated in figure 26 of the text, the voice current induced 
in one of the mduction toil windings i$ applied directly to the receiver through which one of the 
foilowxng termmals? 

TerminaiB. c. TermanaiGN. 

b. Tcrmmai R d. Terminal RR, 
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30, (030) in regard to the 500 uiephone cin;uit shown in figure 26 of the text, which one of the foUowing 
is wf a ptth for dc dialing cuntat in the network circuitry? 

a. From temunal C to teiminai RR via windifigi PI and ?i resiattor Ri, and the t^ania^tttr. 

b. Fr :m tertninai C to terminai RR via windings PI and P2, S2, and varistor CRl, 

c. From terminal C to terminal F via windings PI, P2, S:, varistw CRl, and the dial pulse contacts. 

d. From ttrrainal C to terminal F via windings PI, P2, S2, varistor CRI, resist©; R3, and capacitor C3. 

31, (03 1 ) Expio^fonproof telephones may be used in areas exposed to conibustible gas because their 

3. network parts are gasproof. 

b. hpokswitch contacts have been eiimiiuted« 

c. internal parts are designed to eiimmate arcing. 

d. internal parts ax« inclosed in a gasproof housing. 

32, (03 1) The network, hookswitch, dial rihg«, transmitter and rccciv^^r, and their associated components 
in 3 weatherproof tejephone are 

a. the same as the components in the 500 series telephone. 

b, bound together with cast aluminum conduiL 
» c: individually inclosed in ccmduit. 

d, piuj-m units, thus pcrubie for use with any weatherproof scl 

50. (046) Preventive maintenance inspections are performed on subset installations 

a, on a monthly basis. 

b. on, an annual basis* 

to minimize service interruptions^ 
d. to replace all obsolete equipment. 

51. (046) When perfgrming a preventive maintenance inspection in the subset area, the installer should 
ffxamuie the assocUtcd equipment consisting of the 

a. light winng conduit and associated grounds. 

b. terminals, protectors, drop wiring, and station wiring. 

c. sution and electric wiring inside of th<f building. 

± drop and electrical facilities outside of the building. 

52. ■ i0471 The best way to CM troi corrosion in a subset installation is to 

i, replace the inside instruments regularly. 

b. clean and coat all of the comiections regularly. 

c. plan Its prevention as soon as the installation is compieted- 

d. considei its prevention along with tHt planning of the mstallaiion. 
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S3. (048) When you sun uoubleshooUng in the subset area, one of the first steps is to 

4. test,thi subset circuits, . c. carefuily ex«mnc aw subset pam. 

b. test for voiuge and continuity ' d. visuaUy inspect the wiring and connections. 

m * 

34, (048) When an uuuiler-repainnaa is sent to check a detective substation, he should follow a step-by-step 
procedure. The /rm step is to . , 

a, cheeky the equipment for obvious faults. 

b. determine the exact nature of the trouble. 

w\ cxanune the equipment for mechanical damage. 

d. examine the telephone tines for mcchamcai damage. < 

55- (049) Before the insiaUer-repairmsn is sent out to look for trouble in a subset area, the wire chief will • 
normally perform tesisio 

a. determine the exact location of the trouble, 

b. determine which subsution circuit is at fault. 

c. maktf sure that the trouble is outside of the centrai office, 

d. make siire that the trouble is in components of the telephone subset. 

measure various current values, the multimeter provides a means of switching different resistance 
values (shunts) in 

a. series N%ith the meter movement. 

b. parallel with the meter movement 

c. series with the test leads and series-paralJci to the meter. 

d. parallel with the test leads and series-parallel to the meter. 

(OS I) For measuring ac and dc values, the multimeter is equipped with 

a. both ac and dc meter movements. 

b. a umversai meter movement for both ac and dc, 

c. an ac meter movement and a converter. 

d. i dc meter movement and a rectifier. 

iS. 105 1) The rS-;97/U multimeter has a sensitivity of 

a. 500 ohms per volt. c. 20,000 ohms per voit, 

i 000 ohms per volt. i both^lOOO and 20,000 ohms per volt. 

5^. (05:) Vou are measuring an ac voltage with the TS.297/U multimeter. The selector switch is set m the 
ACV position, the red test lead is plugged into the 40CV voltage jack, and the pointer is pomting to 10 
on the AC scale. How much ac vo)tage is being indicated? 

a. 10 volts. c- '100 volts. 

1-0 volts. J. 1000 volts. 
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60. (053) You art mfuunng dc cutrtnt witii tht TS*297/U multinietcr. The Jclector switch U Mt in th« ' 
DCV-MA {KMitioB, th« i«d test Itad is pluned into tiu 400MA cur^; jick« and tht pointer is pointing 

to tht fim mack abora 20 on ths DC scale. Hbw mudi (ntnsnt is b«ifl| mdicated? 

' • * 

a. 21 milliamperes. c. 210 milliampere*. 

. b. 22 miUiai^peres. d. 220 miiUamperes. ^ 

61. (OS 3) To measun dc voltage, the PSM-6 multimeter piovidei meter sensitivity of . 

a. 1000 and 2000 ohna per volt. c. SOOO and 10,000 ohms ptjr volt^ 

b. 1000 and :0.0(X) ohms per volt d. 10,000 and 20,000 ohms per wdv 

61 (055) On the PSM-^ multimeter, the unit of measurement (yolti, current, etc.) is selected by the position 
of the 

a. RANGE switch. 

b. FUNCTION switch. ' 

c. SELECTOR switch and the leads in the meter jacks. ■* 

d. RANGE switch and the leada-in the meter jacks. 

63. (05 S) Refer to figure 43 of the texL Wbon using the accessory probe with the PSM-6 multimeter to 
measure a volta^ of approximately 4^00 volts dc, which meter scale must you read? 

a. The 0 to 5 DC scale. c The 0 to 2.5 DC scale, 

b. The 0 to 10 DC scale. d. The 0 to 25 DC scale. 

64. (053 ; 056) If you are using the PSM-6 multimeter to measure a resistance of about 3000 ohms and you 
want the meter to deflect to approximately half scale, in what position must you set the RANGE switch? 

a. The n X I position. c The « X 100 position. 

b. The n X 10 position. d. The 12 X lOOO position.' 

65. (056) When using a multimeter to measure a voltage of unknown value, you should make the fint 
measurement with the meter voltage RANGE switch $et in ' 

I 

1. its lowest position. c. a medium-low pc^tion. 

b. Its highest position. d, a medium-high position. 

66. (Q56) When using the multimeter to measure voluge and currents, you should always cohnect the meter 

a. in senes with the circuit to n^asure voltage. 

b. in parallel with the circuit to measure current* 

c. parallel to the circuit when measuring voltage and in series with the circuit when measuring current. 

d. parallel to the circuit when measuring- current and in series with, the circuit when measuring voltage. 
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67V iOS7) When using the mulumettr to msuure the resistince of i circuit, you &hould alw&ys 

'JL comiMi the meter iNiraiki to ti:» voitip is the circuit. 

b. di$coimeci the drcuit &om iu powtfr somct be(oi« you ct^nKt the muitim«urr< 

c. connect the meter pajillel to the current ia the circuit* 
i. disconnect the multimeter battery before you connect the test leads to ti^ circiut. 

68. 'I (OS 7) You are troubleehootinf in tfa» siU?set area and you have traced the trouble down to the telephone- 
set. You should then check further by performing 

a. transmission and signaling tests. 

b. signaling tests and measuring the line resistance* 
' c. tAnsmissioiv tests and measuring the line resistance* 

an external inspectk>n and checking the sut»et resistance* 

'69. ^ (057^ The most probable sympto^l of transmissicm trouble in the telephone set is 

a. excessive sidetone. c abnormal sounds, 
b- flashing lights. d. busy tone. 

70. ( p5S) Which of the following procedures is the best to use when you Jtod a defective touchstone keyset? 

X Chahge the frequencies for ^11 oscillators." c. Replace all tte oscillators. 

b. ChaxTge the frequency for one c^iUator. d. Replace the keyseL 

7 1 . (OSS) You are localizing trouble in an installed telephone by using a telephone test set connected across 
its line termiiuls. You can hear the dial tone in xht test set receiver but you carmot hear it in the 
telephone receiver with the handset removed from its cradle. What is the problem? 

a. A short-on-line condition. 

b. A carmot*break*dial tone condition. 

c. Trouble in the subset receiving circuit. 

d. Trouble in the subset transmitting circuit. 

'"Z. (059) When inspecting the ringer assembly in a modem telephone, which of the fallowing would 
necessitate replacement of the i^er assembly? 

a* A loose nnger gcmg* J 
b. A broken biasing spring. 

\n open ringing capacitor in the network. 
d. A shorted ringing capacitor in the network- ^ 

'^^2, (059) The complete iiispcction^of an mducnon coU or network assembly in a subset generally includes 
testmg the • , - * 

a. resistance of the windmgs. c. output voltage of ifae secondary. 

b. pemieability of the coil core. ^ d. balancing factor of the tertiary winding. 
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(0S9) When mspecung the subset dlai, the mam test that must be performed is a 



4- seat at the governor spring ten;ion. measuiement of the contact resistance, 

b, test of the dial spted. d measurement of the pulsing spring tensi<^. 

(060) A recomraended maintenance procedure for rcpairiMn checking telephone transmicters is to 

a. temporarily replace units or components to identify chose that are good. 

b. rcplace^spnng and relay contacts ^every 2 years. 

c. readjust springs to check S grams greater every 6 months. 

vi. routinely move contact and relay springs to assure free movement. * 

(060) To determine if dial contacts complete a circuit, you may use an ' > 

a. HA- 1 receiver, c. AN/PSM^ multimeter, 

b. F. or G-cypc handset. d. 1-181 current flow test set. 

(060) When using a multimeter to test a ringing or talking capadtor, the SELECTOR or FUNCTION 
switch must be set in the position required for measurmg 

a, resistance. dc volts. 

b. ic volts. d. miUiamperes, 

(06 1 ) Refer to figure 44 of the text. If sound comes through the test receiver satisfactorily while testing 
from points A to B but the test receiver has no response when toting from points A to C, u indicates 
that thw 

1. red lead is open. c. transnuttcr is defective. ✓ 

b. black lead is open. d. dial pulse contacts are open. \ 

(062) Refer to figure 45 of Uie text* If a click is heard in the telephone receiver when testing from point 
A to pomt C but a click is not heard when testing from point A to terminal GN on the induction coU, 

It mdicates that the ^ * 

a. dial contacts between pomts B and C are open. 

b. circuit through the hookswitch contacts to the induction coU is open. 
v\ Green iead between the hookswitch and the induction coil is open. 

d. Red iead between the handset and point A is open. 

iObj) Assuming that the diai on a modem telephone is properly adjusted, how long should it take for 
:hc finger wheel to return to us normal position when you dial the number S? 



a. 0.2 second. 

b. 0.4 second. 



c. 0.6 second, 

d. Q.S second. 



8 1 . (063) In practically modeni tckphones, when this handsel is removed from its ci^e, the Lookswltdi. 
functions to 

a. connect th« telephoat circuitry to the line. ' > ' 

b. connect tbe telfphoot rin^r into the lin«. , \ 
^ c, disconnect th; lelep^o^ circuitry from the line. ^ J 

d. conx^t the telephone protector assembly to the line. ^ 

SZ (063) The capadtor conx^ted in senes witit the ringer on (he eommon^battery telei^one ui«d to 

a. i;;hangi^ the fieqi&ency of 'the ringing current ' 
b* pass the k ringing current throuj^ the ringer. 

c. control the vibration frequency of the ringer gon^. 

^ * ^ d. chan^ the ringer out^mt for people whose hearing is uni/k^ed. 
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Thii workbook ptaccs, the materials >ou need Jv/itr^ sou he?d them while vou 
are studviog. In it. you wiU find the Study Reference Guide, ih« Chapter Review 
exercises ind their answers, and the Volume Revic%v Exercise. You can casiiv 
cornparc textual references witTi chapter exercise items without flipping ' pases 
back and torth in your text. You will not misplace anv one of these- essential 
study materials. You will have a single reference pamphlet in the proper sequent 
tor learning. . r r 1 

These -devices in >our workbook arc autoi-i.tructionai aids. They take the 
place ot the teacher who would be dircctine vour progress if vou were in a 
classroom. The workbook puts these scif-tcachers into one book^ 
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' CHAPTER REVIEW EXERCISES ; 

Tfte follawini «ercues are .tpdy s:ds. Wru^ your answers ^ p,act! m the space provided after e«cA 
exercise, iamedtately after cQ«p/«mg eacA aat of exercises, check your respc^se, agaiast thean- 
wers .or that 'set. Do not subtBit your answers to ECl far grading. ^ 

f CHAPTER I 

Objectwe: To demonstrate unUerstandihg of the general principles ancfwork practices ;niolved m 
telephone substation installation. - 

r 

1. Name_the teiephone system components normally considered to he parts of the subset installation. 
(i-^, 5. p ig. i-i) J 



V 



V 

2. Where a the station termmaf^an generally located^ (1-3, Fig. 2) 



3. What part the subset installation 'is'said to be drop wtte run? (1-4; Fig. 2) 

* 



J' 

4, What IS the purpose of the protector used with telephone installations' (1-5; Fig. 2) 



*■ • 

5. A'hv IS a ground wire used with the telephone installatsonJ (1-5) 



6. Wh\^ spi a connectinf block used to terminate the mside telephone -viring' {l-S) 



3S') 



Why IS the pUnnias ^ « ttl«ph«i« iastaiUtion importani* (2-1.4) ' ^ , • '' 

J 



S. What ara th« saain factors to be coRsidtred wh«n planning a telephone installatjon^2 -2, 3) 



9. Where may the specifications wire ciesninceii be found? (2^; 



0. ^Tiat is of prune importance when consideiing drop wire clearances and irtstallation? {2-S. 6) 



« 

1. In reference to teiephon« ipstaliation, what is meant by the tern **wire clearances''? 
(2-t-a; Figs. ^ 



2. Whst factors should be considered when planning the protector requirements ^for a telephone 
ir^Jtaifation? (2-9, 10) 



3. From the standpoint of {^potection r|?quirements and as a general rule, how could you define an 
exposed cucuit^' (2-il) ' • ' 
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14. N«m«.<wo ft«;r«^yp.. of ,t«ioa pTot«:to» «nd ..xpiaifl Wtfly how t^«y op«nt». (2-12; ^* 

Figi. 7, 8> , ^ . »/ ^ ' V 

N. ' '■ ■ ' , . ' ' 



v 



^ . ' ■ ■ - ^ . 

15. N«M thi«« tjrpet of wit» whidi you may Mpcct to find in an out^e mn. (2-14. IS; Fj^i/g-p 



16. Whtn i»mg « coa^iaation of pacallal drop «od twistad pair block wit. to cpaatnict an oatsiV run, 
It ta prefarrad that Slatalla! dr^ used qq what part of iha nft? (2-14) 

i ' ' ^ . ... 

17. What «e sooe of thaXtors ^« conaiderad when selecting building attachments for an -outside' 
run? (2-16) ^. ' . - . V 



18. Give some locations where plastic -jacketed station wire should not be yaed. (2-19.)^^ 

'. I 

t 

1 • • . * , . 

19. Name three typfcs^of inside Cstation) wire which are comtnoniy used in the installation of telephones. 

(2* 19) *' - ^ 

20. Why 15 the propei ^se of ftols so importaiif to the iMtailer-rcpaiman? (3-1) 



21. N«M tiwN typM of plict^uMdby th« -inataUaf-npairaafl'tnd iiv« at'lwst on* 
(3-4; Fi^, 13) fioii. 



22. Why is it dangeraua |p u«>a4i«^in«r with MtiJo«« h«ad? (3-8) 



for paoh. 



23. In what dit«:tioh should th* points of ffaa twix on ^ hacksaw biad* fac«? (3-9; Fig.^ IS) f 

■ ' ■ ^ ' ^' J 

0 • 

24. Where should tha mstaller-repainaan -u^a a braca with axceptionMly long bits? (2-13) i ■ ' . 



25. What is th« cnain factorjo be considered in selecting a screwdriver for a jiveh job?i3-21) 

. ■ ■ V - - , 

J6. Why must a telephone office keep accurate wire aad^able reeo^a? (3-2S-27) 



27. Why is the. telephone service order irifportant to the installer-repairnuij? ^3-28) 



28. WhM iattalUof a ttl^phons subiUtion. what type of infcTrmfttion muftC, tht iniitAiitr»f«parrmin 



29. installing t«ltphona substjiuona, why im it important that the im^tallar-rvpairman IcMp 

accural* rtcorda of such itamft as wir« pairs usad, raan-hours axpandad, ate*? (3-30. 31) 



30. What effect ^oss a corroded wire splice have on a telephone circuit? (4-3) 

1 » 



31. How does soldering\eep a -wire splice from corroding** (4-3) 



32. Why ts acid-core solder not to be used in working with electrical circuits? (4-4) 



33. In reference to soidering gups, irons » or electrical conductors, what is meant by the term 
tinning"^ (4*-i0) 

! • ' • 



34 / Name two methods used in applying ^ider. (4-13) 



35. D«icnb«.ho* th« '*«WMt*' mithod i» u*«d in ap^lyiot sold«r. (4^ ^Q3 



36. Wh«n splicing » wire pair. *hy should ths siecves or twuted spiictt staggered? <4-l7, Fig. 27) 



37 What dcterminvs the size of the linem-m's safety belt? (S-3) 



38. By what meaaurenent is the proper climber size determined? (5-6; Tic. 31) 



39, What inspections should be p«f£qrnie<5 ,on climbing equipment? (5-7. 8) 



40. List at least five of the many safety precautions which must be observed in pole ciimbing 

^ ^5-9. 12. 14. 15) 



CHAPTER 2 ^ 

Obiective: To identify the requirements for terminal-to-telephone wiring'and show the degree of under^ 
standing you have of the problems involved. . 

i- The term '*apan run" refers ta what part of the drop wire installation? (6*- 1) 



•• * ... .. ^ 



I 



^*h«ri maki^g'a drop tua, uitdfti iwhac coaditioos aty you uti th« existing attmchisvnts? (6-1) 



( . 3^ Spaji claisps arc used for what pi^fposc when ffiaking a drop-wir« instaimcyon? (6^2; Fig. 3^) 



4. 'What is th« purpose of drop wire clamps? (6-3; Fig. 41) 



5. Why is it' important that slack ba maintained in the drop wire at the fcint where it is attached to 
the pole and to the building? (6-3) , " - 

■ ■ ■ ■ ■ > 

6. What are the purposes of drive hooks and guardarm hooks? (6^) * ^ 



Give some safety precautions which should be observed when using a ladder against a suspension 
strand to install a drop vrire. (6-5) 



S. When installing a drop wire span, why is it usually best to start at the building end and work 
toward the pole? (6-5) 



39S 
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^. Whit dvtlvraiMi tht typ« of attachments which must be used on a. building? (6-6) 



9 



l|. ^ What typ«» of attachm^nlji and anchor* arc tiomaily ua*d oa frame buUdings? (6-6) 



\ 



11. tiive a bMic ruie which h*t[» to detennm* the type of attachments that should be used on frame 



pr stucco buildings. (6-:6) . 



12. What factors shouW be coflsidercd in detennming^the location for. the first buUdine attachment' 
(6-7) . " ■ 



13. How ts the building run usually supported at the firtt building attachment? (6-8) 



. ' IT 

14. What typfs of anchors are normally used to fasten bracWs, hooks, and other attachments 
masonry type I. lihiings? (6-10) 



to 



IS. When an angle screw attachment is used on a building, how should it be arranged/with respect 'o 
the wire pull? (6-10) ' , ' ' . 



9 
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16. la reference to building run*, what is meant by " intemitdiate attachment^"' (^-llV 



1 



ir *'hv does- a horizontal building run of a given length requitj? more supporting^ attachments than 
vertical run of th^ same length? (5-12) 



18. In reference to building runs, what is meant by the term **mechanicai protection"^ (6-13) 



19 Name two types of insulating tubes used on building runs. (644) 



10. Why are split type insulating tubes provided for installation work^ (6-14) 



21. How IS buiidmg drop wins protected when it is installed behind or m front of rainspouts? ^649) 



22. When a drop wue run muisi turn a corner, on a building, what attachments are normally used tc 
support the wire at the corner^ l6-21) 



23. In r«ftr«ace to a buUding run. wh«t is sMaat by" thm term "last attachment"' (6-22) 
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24. Hhy is a drip loop noroaUv provided ju« outside of a I, ..idmg entrance^ (6-22 



) 



25. What detennines the position in which the drive hooks must be installed on the terminal pole' 
(6-27) , ■ *^ _ 



( 



26. How IS the drop wire supported between the terminal-can and the drive hook on the pole? (6-27) ' " 



27. What determines the position in which guardarm hooks must be' installed on a terminal pQie= (6-28) 

- \ / 



23. What type of drop wire is used when in Underground installation is made between the terminal 
pole and the subject' (7-2) , 



1 



29, yow may underground distribution wire be protected at critical points, such as runs across road- 
^ 'jjrays/sraaii bridges, etc? (7-3) 



U 
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10. «bat arc the usual methods usicd in burying underground distribution wire? (7-4} 



31. What aro soiQe of ths^snost important precautions to be observed when burying distribution wire or 
" cable? (7-5) 



32. W}}en widerground cable cannot b« buried deeply enough, how may it be protected ^points where 
it is exposed to mechanical damage? (7-7) 



33. How may ^oerground wiring or cable be protected at the ends of the installation (where it enters 
the ground at the terminal pole and where it leaves the ground to go to the protector)? (7-9) 



34. What IS the main factor in determining the general location for the building entrance hole? (8-1) 



35. WTiy should the protector be considered when planning the location of the entrance holei^ (8-1) 

0 



36. With respect to the building, where is the entrance hole usually made? (8-1) 



12 



37. What detcratiMS how large an antraace hola should b«? ii,2) ^ v389 



38, Why should entrance holes be sloped upward from the outside? (8-3) 



39. Under what conditiona may an entrance hole be made for an exposed system without the use of 
an insulating tube? (8>5) ^ * 



40, What would happen if carbon dust shoulii short across the air gap in the station protector? (8-7) 



{ 

4L How does the station pfotector protect the equipment from excess current? (8-7)' 



42. riow does the protector protect the equipment from excess voltage? (8-7) 



43. In respect to its grounding device, where should the station protector be located? (8-S) 
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44, When th« station protector is installed outside, where does the Siting enter and leave the pro- 
tector cover' (8-9) 



45. On an outside protector with both an airgap and fuses, how are the wires nortnallv connected' 
(8-9) . . 



46. Of the gtPuads which are usually available a»>an installation, which one is the most desirable for * 
grounding the station protector? (8-lQ) , 



c 



47. How many fuseiess protectors' may be grousdf?d through a No. 14 ground wire? (S-U) 



48. Why is It important for the ground connections to be juSt as good aS any other connections in the 
circuit' (8-12^ s ' * • ■ ■ " 



49. Give some of the factors to be considered when deciding upon a location for a telephone. {9-4) 



50. W>y should the telephone Icxration and the mside wire runs be planned at the same time that you 
pian .!:e drop wire run and building entrance? l9-3) . ^ - v 



ii 
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GivB some facjof* toJj« considermi \n stlectmg the rout* for an y^ide wire run. (9-7) 



X 



How nJay telephone swjfcmg be concealed in a bmldin| without using- special moldings or base- 
boards^ {9-9) 



J 

Give some general rules which should Be followed in making inside wire runs on thfc surface of 
wails, etc; (9-1^) / ■ 



How iS wiring protection maintained for inside winrg^ (9-13, 14) 



/ : 



List three situations m ^hicb the mstaiUnon o£ building conduit would be deemed necessary 

(9-18)' 



Name tour general types of building conduit systems - (9-21) 
Name two types of underfloor duct sy^stems. (^9-22) • \ 



40o 
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38. .Where is the t«l«pliotv^lriag place^aia cellular steei floor duct system? (9-^3; Fig. 85) *' 

4 '< • - ' 



59. What ts a base raceway' (9-25) 



/ 



, t 



60, What is a molding raceway,? (9-27) 



How is telephone wiring placed in underfloor coaduit systems? (9-29) 



62. Hqw are underfloor duct systems installed? (9-30) 



63. What typ*s of overfloor duct are cotnrd^ni^.used? (9-30) 



V 



64. How are connecting blocks used in r^lephonb installation? (9-35) 



If 



65. Why are the terainals on some connecting biocks id*ntifie^i with tiie letters "R G," "B "* 
and "V? (9-38) * ' . ' 



j 
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66. Why is It Ibportartt that the statioa wiring and telcphon* cord be properly 'ttfi«kiat*d4>t th« 
nectmi block? ^9-38) ^ K *^ ^ ^m^m^ mm 



67 How should telephone «quipment be terininated? (9-38) 



58. Why IS a distribution terminal used in some buildings? (9-39, 40) 



69. When the telephone wiring is attached to a ddsk; why should slacS be left 



the desk and the tloor? (9-43) 



in the wire between 



'0. In reference to telephone installation, what is meant by the terra "station apparatusk"' (9-41. 45) 



'1. VVhen connecting telephone apparatus such as^signaling equipment, transfer keys, special equip- 
ment, etc.. how can you be.sure that you are connecting it properly' (9-49) 



CHAPTER 3 



Objectivd^ Tp show an understanding of the basic principles involved in handling, installing; aod 



connecting 



deep wue from a building to a teramal as well as testing th# completed installation. 



39 V: 



1. CoasiKtinc ihm dro^ vtr«i t'rocA a 9ub««t to th« ttrtitinals on the ttrnsin&li^ole connects ^ subset 
to whit? (lO-l) ^ • ^ ^ 



2. Aftercthe building runs hav« be«Q completed and the sublet has been connected m the building, 
what sust be done to teitainat(» the stition at the ternrinai pole? (10*2) 



• A 



3. Why is the span ruu spnietimcs coanected to intennediate attachments between the'bullding andf 
the terminal pole? (10-2) " . ^ ' ' V> 



\ 



4, When the span run crosses a roadway bi^ween the pol^ and the blixlding, what precautions "must 
be taken wuh respect to paying ou^ drop wire on the ground? (10-2) ^ 



When installing a span run from a building to a terminal pole, under what conditions should the 
drive hook be mstaJled on the pole before the o{^er placing activities are begun? (10*2) 



J 



6. After the handlinc has been placed over a drive hook in preparation forjaising the dr'bp wire; 
which end of the handline is then tied to the drop wire? (10-2) 



During span run installation, when and where should the drop wire be cut for terminati^on? UO-2) 
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8. How U rl* praptf optrstxng t«nftiyi obtaintd in a d^p wir« span? (10-3) 



^5 



9. Why should th« proppr amount of sag be provided m the span run? (10-3) ' ^ 




10. With ordinary drop wir». how muc^ stringiag sag shq|id bm piaced in a 200-foot span to obtain 
/ apptoximataly 30 pound* of ftJinging tendon? (-RM; Table 1) 



J 




W. Give two locations where the terminals for aerial cahle may be found. (lOo) 



12. -Why IS It important that the drop wire leads be terminated at specjific tertninais in the tertninal- 
* canp-dOo) ■ 



^ - 



13. Who IS rf^pMsible for terminating ^e aerial cable in the termmai unit? (IQ-S), 



14. How IS the drop wire mn on the pole normally supported?' (H-l, Figs-. 102, 103) 



r • 
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IS» Wh«t,ia«j«:hoii« ahouid the ioitaUtr-tvpaiman aukt while t«nBin«tiB« a drop witt at the poU 
t«rai|«a?.Cll.I) • . . . 



^ V ..... k . 



J 



16. Why is th« tfcnniaal ar»a on a ttlaphone pole said .to b« a critical point for ths inst^ler? (11-1) 



\ 



' ■ . - N 

17. If you should noUca a crmckad or broken cabiis sheath^9kile connectiag thi drog wire to the. pole 
terminal, \dhat should you do about it? (Ii-2) . , ' 



18. Why is the drop wire run on a' pole, noetaally brought down pas; the terminal on one side and then 
up intp the terminal on the opifcsite side? (11-5) ' 



erJc 



19. When installing a drop wir^ pole run^why should a' clearance b» maintained between the first 
brnjle ring above the terminal and the terminal cover? .(li-6) 

20. When installms ^he pole nin for a sheath-mounted'^tefmiiiai, lisedfive hook on the pole which is 
nearest to the terminal should bdnsulled in what position? \l 



■ ^ 
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21. When ternjinating drop wire, why should W plain and tracer conductori^be placed on specific 
binding posts? U 1-9) 



407 
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23. 'Why aj» insvdatofs used oa soa* tirtnioal binding pcwu? (li-lO) 



24. Whax kind of a telephone line may requir* the lue a£ bridging conaectio^ at th< teroiaai? (U-ll)' 



25. When more than one drop wire must be connected to the same cable pair, how many wires are 
itorojally connected to the same tenninai binding post? (H-U^ 



26. When four wires are bridged together, how i% the connection made? (11-13) 



27. When t^owues ar<? connected to the same terminal binding post, how are the wires placed in re- 
spect to the ^vashers? (11-13; Fig. 114) 



r 



i 

28. When a drop wire terainal is used at an open wire termination, what kind of wire is normally used 
hetwjsen the open wires and the tenninai? (12-1) ' , 
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29, What is th« tnaxsmum number of wires that muy normally be connected to one bimiing pose on a 
drop wurv-ttrminai? (I2«2) 



if 



30. What are some of the chief factors that should be considered in d^eraining the location b'la drop ' f ^ 
wire terminal? '(I2'3) 

' ' ' \ 



31. If an opetvwirp Ime is mounted on {K}le brackets, one on each side of the pole, whenf should the , 
drop wir« terminal be installed? (120) - ^ 



32, How \s the bridle wise connected to the open wire Une^ (12-5) ^ 



33. When two drop wires are terminated at one drop wire terminal, how are they placed oii the binding 
post in reltftion to. washer position? (12-5) . ^ 



34. When three or four drop wires must be connected to the same open wire j5air. how js the connection 
completed:^ (12-5) ' • / 



35. If gfomme^s are not available for th^ entrance hole of a drop wire terminal, how may ,3eaijng be 
performed at this point?- (12o) ' 



f 



it. Wh«n dfiv« ting* kr* pl«c«d-oa^.cro»»«p to luppbct th« bridi* wir», what i» tbt Aaximuffl dii- " 
t«nc» ailow«bl« b»tw««n'th« rings? (12-^ • - - ■ 

1 , « f V 

■ ■ ^ ■ ' ■ • r •■/ . , 

i< . Why must op«r«ioniil tests b« p«rforinec on a newly m»tail«d teisphon«< set? U3-I)' 

• I • . ■ . ■ . 



"38. Why IS th« ossifoad pair fiw a telephone inataUation soaetipsc^' tested at the pole terminal hofoie 
the drop wire is terttinated? (U-"2) ^ ^':> 

■ • ■ . ^ 



39.^ Give some of the chftracieristics^by which you may ftientify^he ring conductor. (13-3) 



40. When terminating a, drop wire to open wire line, is it necessary lo observe **ring*' and/*tip' 
polarity in making' the connections? (13-3) 
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41. Why IS ground at a positive potential with respec; to the ring side ot a teiephone line' (13-3) 



^ 42. When using a telephpne test set to verify that ypifhave properly selected the ring condectqf, why 
should you receive sidetone when talking into the set with it connected between ring and ground? 



23^ 
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t^-^^^ After t*ftRin«aon. what te«ta a» notmaily p«ffqra«d on a n«wly installed telephone? (Ij-S) 



4-; When operational tests ate being performed on a newly instailad telephone, what main points ate 
checked m respect to the Unes and the instrument? (13-6) ^ 



-15. What doe* it prove \i you can contact the central office on a newly instairett telephone? (13-6) 



46. How should you perform the ringing test on a newly installed telephone? (13*7) 



47 If blowing m the transmitter of a newly installed telephone causes a scraping noise in the ti 
ceiver, what would you suspect is at fault? (13-7) 



■!S What IS meant by the performance of a noise test on a newly installed telephone:^ (13-7) 



49 After operational tests have been completed, what must you do with respect to the telephone 
service order? (13-9) 



/ 
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CHAPTER 4 



^1 



" -d.«tand;.g o£ th, ne.ds of the sub..t aad what c.n b. dor« to 
toprov. .•rvice through th« UM of extensions and selective ringing systems. 

1. What is meant by the terra "selective ringing system"' (Intio.-2) 



2. Why are extension ringers and loud beiis provided for use with telephone subsets? (14-2) 



3. How are extension ringers connected to a subset installation' (14-3) 



4. Why is it Important that a capacitor be in the circuit when an extensi^ ringer or bell is connected 
to the inside telephone wiring' (14-3) 



'\ 41 

5. If a telephone ringer has its capacitor connected mto the circuit between tk^ ringer coils what 
nnger' a4-3)"''"^^ connecting an f xtension hell (not capacitor equipped) directly across the 



6. What e.'fect does the permanent magnet on a nnger have on ringer operation' (lj!-4) 
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With % telephone finger .,what moves the tapper back and forth between the gangs' t74-4) 



What trequencv ringing current, is nortnally ysed with ordinary fingers' (14-4) 



9 Why ia a biasing spring used on some ac telephone ringers (14-5) 



10. Wfiae IS meant by Che term '^extension telephone"^ (I4-7> 



U'. How arc extension telephones normally connected to station winng^ U4-7) 



12. Should an extension telephone be connected to the inside wiring circuit in the'same manner as a 
reguUr telephone? (14-7, 8) 



13. How docs a party line differ from a line with several extension phones attached^ (15-1) ' 



14. What IS the maximum number of parties that you would expect to find on a party hne in a rural 
area^ i 15-4) 
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15. Explauj th« difference between selective ringing and code rinjing. (15-3. 5) 



16. Name three methods or systems used to obtain selective ringing. (15-6) 



17. What rMthod of selectiv.i ringing may be used without the addition of extra equipment? How many 
partiM will this system service? (15-7) \ 



IS. "On a.two-party ringing-to-ground system, whatsis used as a common conductor for the pCrpose of 
ringing either telephone? (15-7) 



19. With a two-party' ringing-to-ground system. ho^M is ringing current completely eliminated from one 
ring while ringing over the other line to ground? (15-9) 



:0. When cotinecting the phones for a two-party rmging-to-ground system; why does oi.e phone require 
the milking of more connections than the other phone' (15-10, 11, 12) 



:i. On two-party line, what changes must be made m the subset installations to provide for nnging- 
to-ground signaling on the Iifltf? (15-10, 11. 12) 
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22. Basically, how does a pulsating ringing system opcrats? (15-15) 



23. Only nag«r RG3 on figure 129 fails to operate wh«a the station switches are operated. Where is 
the most likely source of the trouble? (15-19; Fig. 129) 



24, Switch M on figure 130 is being operated; yet RG4 does not ring. Why? (15-22; Fig. 130) 

25. How is four-party selective ringing achieved with a pulsating, gas-f tiled tube system? (15-22) 



26. What is the number of ringers that are usually connected between tip and ring with a harmonic 
ringing system? (15-23, 24) 



27. Why IS proper installation of the nnger so important with a frequency ringing system? (15-23, 24) 



28, How is frequency ringing performed? (15-24, 25) 
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" CHAPTER-5 

"^^T"" u«i.r«tanding.of some of the common cau... of trouble in'the suSket L» 

^mf the proper procedum. uwd to locate and eiia.oat. theae txoubie coaditioaa. ^ 

1. Why doe. the wire chief have a responiibility in the location of telephone troublfes? (16-1) " 



Ua!r'^^T7L't'^^°'''' '""^ '^^"''^'^ ''^ *hen a subset 

laus CO operate, (lq-2) 



3. When a telephone subset faila to operate. «rhy should central office personnel test the circuit be- 
tore dispatching a repasrnjan to correct the trouble? (16-1-3) 



4. Who usually operates the central office test desk? (16^) 



5. 'A^hat sort of inforrsation can the test desk operator obtain for you by performing a vblt-ohm-milli- 
amffleter test on a telephone Une cucuit' (16-6; Table 2) 



6. When you are assigned to locate trouble m a subset area, how can the results of tests performed 
by the test desk operator help you sn finding the difficiilty= (17-2. 3) 
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* . Narat four common electrical fauiti which arc norinally associated with troubles in teWphdne 
cifcuus. (17-3)' ^ ^ 



8. If you were assigned to locate a trouble in a specific Subset area and the test desk operator m- ' 
formed you that a positive potential was present on the rxng side of the Unejor this particular 
telephone, what would you look for in' the subset area? (17-4) 



9. Which conductor of a telephone pair is the negative side of t^^irte^ (17-4) 



10 Which side of the line is □sually connected to central office ground? (17-4) 



IL When using a test set to identify tip and ring, why should a click be heard when the set is connect 
ed between ring and ground? (17-5; Fig. 135) • ' 



12. When using a test set to identify^ tip and ring, why is a shck click sojr^etimes heard when the test 



set IS connected between tip and ground-^ (17-5) 



13. What effect on a transmission in the circuit would an intermittent open in a telephone line have^ 
117-7) 
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14. What IS mmmi by th«,t«nn **intermitt«nt'' open? (17-7) 



^' * '''''^ " teUphon. line. us'uaUy.feport«d by 'the telephont subscriber' 



16. What is tb* diffewace between partially and completely shorted telephone circuits? (17-9, 



10) 



17. Will a partial short cause a telephone subset to appear dead? (17-10) 



IS. What effect would a compiet^y shorted drop wire have on a station telephone? (17- 



10) 



19 In re/erence^to telephone line pairs, what is meant by a circuit cross? (17-11) 



0. Natne four types of hne circuit crosses, (17'-11) 
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If tht ring conductor for your tvUphoa* w«r« ciosscd with th^ tip conducted for another t«i«phoM, 
what would bm th< effect oti tb« opmtion of your t«i«phont? (17-12) 



22. What IS m«ant by th« tern ''riog-^tip'' crou? (17-12) 



23. Why would th« results of a tipHo-tip cross be noticed by a subscriber rather thaa by central office 
personnel? (17*14) 



24. If the tip coiiductor your telephone were crossed with the tip condixtor of another telephone, 
what, would be the effect on the operation of your telephone? (17-14) 



25. In reference to telephone work^ what is meant by a line ground? (17-16) 

V 



26. Name three grounded conditions which may be found on a telephoae line. (17-17) 



27. What would be the results of a grounded ring conductor? (17-17) 



4 '} 
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28. Why doM a coiapl«t«iy grounded ring conducto? on a tei«phon« iiat ptvvcnt triinssissiOQ o%'er the 

circuit? (17;17). ^ • . 



s 



29. What is mcimt hy th« t«rin ''swinging** ground? (17-18) 

Ml 



30. What infonnation should a tv^iinaaR have before he starts out to look for trouble in the subset area' 



0 



31. When you start looking for trouble in the subset area, what arc the f^t steps you should take' 
( 17-22) / 



32. When looking for trouble in a subset area, at what point in the cirpuit should you make vour 
inUial test' (17-24) • - ' ' 



33. When testing for a short in'the subset area, why ayist the wiring on the subset side of the test 
point be disconnected while testing toward the central office' (l7-'27. 28) 



34. When testing for a short in the subset area, what does it indicate if the dial tone is heard when 
the test set ts connected to the cable terminals' (17-2S) 
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35. Wh«n tMtinf lot a ground in tJw subMt am. why ii it ntcMiAry to.identily tht ring side of th« 
Um^ (17-31) . ^ 



36. Wh«n testing for a groiind ^n the dto^ or station wiring, what is indicatfd if a loud click is heard 
as th» test set is connected between the ring conductor binding post m the ternjinal and one of 
s the disconnected drop wire leads? (17-31. 32) 

\ . ■ 



When testing for an open in the station wirings what is Indicated if a nud click is heard in the 
test set when it is connecte<l to the cable terminals but no^ck is heard whe>j it is connected 
at the protector? (17-37) 




38. When testing foe an open m the subset area, what is indica^ if a loud click is heard while 
testing at Che protector tei;minals but no click is^ard while testing at the connecting block^ 
(17-37) 



39 When testing for a cross in ftatioa, winng, what type of cross is Indicated if a loud click heard 
as the test set is connected between the conductor binding post in the cable tertninal and the 
rmg conductor of the disconnected dtop wlre^ (17-41. Fig. 143) 



40^7ijpA?festing foe a cross in station wiring, what type of cross is indicated if a loud click is heard 
as tne test set is connected between the ring conductor binding post m the^ cabl^ terminal and the 
tip conductor of the disconnected drop wire^ (17-41, 42) 
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41, Th« stfttion opttatM ttils that whtatvar thm wind blows tht quality oi the ««rvic« is vary * 
paot and It is difficult to uadmund thm cmkUat swity.'l^is iii a good iadicstitw that th« trouble 
i« nuat Ukaiy in which portion of thf aubataiion atva? Why? (lS-2) ' , 



V 



42. In r«(ard to th^ troubla condition diacuaatd in exerciaa 41, what shpuld you check firat? (18-2) 



43. A recantly instaUad drop haa bean broken by accident. What would you to return the aubslation 
tfl aervice? (18-2) ' . - n » 



44. You ^w«r a trouble call from a subsUtion for tha third tiina. Again, you find tha trouble is 
caaud by aioiature in tha protector. What ihouid you consider doing to prevent further trouble 
at this location? (18-3) 



45. In answer Co a trouble call, yo^ have £ttecked*out the substation area thoroughly^ yet you have 
not been able to locate the source of the trouble. What should you do next? Why^. (18-5) 




ANSWERS FOR CHAPTEIVREVIEW EXERCISES 

CHAPTER I ^ 



^' ^^xTK ^ th.^t««ifl.I^» to'thr t.l.phon. « th. 

btuldm«. Noc only do« th. .ub-t in.ttiUtioa includ. th. t.l.phoi...,.t. but it .l.o mciud« 

may b« locatMi ob • p^dtftai aniy a faw faat abova ound: ( 1-3 . Fig. 2) 

3. ^« 7« run foe a t.I.phoii. inatallation iacluda, th. ant),, l.ngth of wir. which axt.nda 

11 ^T'r ^ " ^l* ^* '^"'P ^«'« P°^« " building, a. 

w.ll u th. drop wir. run on th. building. (M; Fig. 2) - » 

4. A pn««^pr i. ua^i with t.l.i^oo. inatalUtion. to pwtwt th, ihatall^i «iuip«.at (t.l.phba... 

^' ^.^TtlT * ^« shHnt higb vcitag.. to grbund at the' pro- 

tector and to connact c.rtain t.iephon. cinjuits to ground on aom. syat.iaa. (1-5) 

6. The.conn«:ting block provid.a a m.thod of conr»cting th. tai«ph>3n.:iord to th. system. (1-5) 

7. Th. planning of a til.phon. inatailation ia v.ry important' b.cau« it Allows the installer to pian 
th. wtr. routM and to d«.rmin. th. mat.rial. r.qui«d before th. installation ia attempted. To 
attempt an inatailation without previous planning is almost certain to re.ult m costly mistakes . 
aaa errors. (2-1, 3) ' . 

3. When planning a t.l.phon. installation, th. location of th. tel.phon. instruments, the routing'of 
th. wir. runs to provid.'cl«uance, the protector requirement's, and the rliateriais needed fo^ the 
job must all be considered. (2-2. 3) ; 

9. Th. sp«:ifications for wir. cl.arances ar« normally found in Air Fqrce pubiiiations pertainina 
to installation and in National El«:tric Code publications. (2-4) ' , 

10. Safety is on. of the main factors to b. considered iiKplanning the drop wire ii^sral^^tfon. That is' 
w,ll the drop wire be likely to cause accidents after it is mstalied= Also, can it be installed 
safely? (2-5. 6\ ■ . 

U. In telephon. work. th. term "wir. cl.arances" has to do with th. clearances maint^Md between 
telephone wiring and ground or betwe«n telephone wiring and other objects. (2-4-8 ; '<?%s. 4-6'. 

U. The protwrtor requirement^ for a station depend mostly upon the type of system to which the sta- 
tion IS conn«:t«i-. For example, if it is conn«:twl to an aerial telephorf circuit or exposedJJo 
hghtniag^tc. th. station will require greater protection than if it wej^= connected to an under- 
ground shielded cable. (2-9, 10) • 

13. As a general rule, ail telephone circuits involving aerial cable or open wire at^ classified. as 
being exposed. (2-11) 

The two general type, of station protectors are the fused type and the fuseiess type. Both of 
these protwrtors hav. carbon blocks separated by a small airgap. In o^ration. the excess voltage 
jumps this gap and bleeds off to gjound. The fused type also contains fuses ^hich open the cir- 

cult when eiCr»SS rtfrr«nf ic Anni4A.rI f '>_t'^ C:^^ OS 
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- ^ • ^''^ 4aaif^ Lypt 

cuit when excess current is appiied. (2-12, Figs. 7. 8) 

36 4?:^ ^ 



15. Thrw jyp« oi W,re which amy b. found m out', id. run. a«: parall.i drop. twi.t«J p.j biock iZ'^ 
twisted pair bridle. (2-14. IS. Figs. 9-lZ) 

16. Para^.i drop wire should b. u..d1>.tw.« th. termini pole and th^fint building anaohaent. 

i: In selecting buUdmg.attachiaent, for an o^Uld. run. th. factor, ^ich should be con.id.red a«%- 
number ol wue. to be supported. IjuUdi^g surface (fra«e. b»ck. etc.). expected storm loading. *„d, 
the nece*»ary protection of expos^HsHij^ig. (2-16) *na^ 

Z^^'a'm •xpo.ed to extreme heat oLc.« - 

.1^. Three type, ci wire which are us«i in station iumg are: piasticjacketed station wire. bib6k wire 
and cro.sjcona«:ting wire. (2-19) .1- , uiu^j* wire. 

m which aayon. us., tools d««mine. to a Urf^ ex»nt the .qtiaiity of work he ^do. (3-1) 

21. TT,. three type, of pUer, u.^ by^h. in.tall.r-4«i^«.n ar.: the lineman', pli«,. the diigonal 
pUer, and the long-nose pliers. Th. lineman's pWrs are used by the ui.taii.r mo.tly for cutting 
or holding wire an^ for crushing and stripping insulation. Th. diagonal pliers art, usini for cutting 
•small wires. The long-nose pliers are us«i in bending wires for «tachment to terminal lugs as 
Leil as tor gripping small objects which cannot be .reached with the finger.. (3-4, Fig, 13) 

22. Us^g a hammer with a loose bead is dangetous became ^he head may fly off and hit someone. 

23. The.points of the teeth on a hacksaw/blade should point away ffom the hacksaw handle'. (3-9- 
Fig. 15) ^ 

24. The b^ce with its long bits is used by the installer to drill holes in wails, floors, etc. (3-13) 

25. The raain consideration in selecting a screwdriver is to find one that fits the slot in the screw- - 

26. To instail. service. and maintain telephone equipment; telephone personnel must have such infor- 
mation as .^ire pairs avaUabl.. wire pairs m use, types of service, etc. For this reason, the tele- 
phone ^ffice must keep accurate records. (3-25-27), 

27. The telephone service oider gives the installer-repairman the authority for doing a job and :t 
authorises him to obtain the necessary tools and equipment for doing the work. Also, it gives him 
the location of the job, the work to be done and other information. (3-28) ' . 

2S. Tne installe^repairman must record such 4nforraation as work performed, materials ised. man- 
, hours involved, wire pairs' used. etc. (3-29, 30) . 

29. The installer-repairman must make accurate recordings (6 assist the telephone office in keeping 
accurate- equipment records. AlSo, information recorded by the installer rtav be used in data 
analysis. (3-30, 31) ' ' 

30. .A corroded wire splice adds resistance to the circuit, (4-3) ■ 

31. WUh a properly soldered wire spUce, the soider keeps oxygen away from the joint, thu5 preventing 
corrosion. * 



32. .Acid-cbre solder will cause corrosion when used in eiectricai circuits. <4-i) 

33. The term "tinning" refers to the cleaning and coating with a thin coat of .solder of such items as " 
soldering iron tips, electrical conductors, etc. (4- 10) . . , , - - 

34 Two methods ol applying solder are flow and sweat. (4-13^ 



Th* sweat method of appiyinf tht soiderint iron tip under the joint and the solder to the top of 

the jcifli. (4-14) 

. Tkm spUc«s in wu» pairs an siaggsrtd to prsvtnt shorts. (4-lTi Fig. 27) 

The size ol a linemen's ssfety belt is detertainei by the distance between the Darings. (5-3) 

The distance from the bottom of the se bone to the underside of the shoe at the arch (less ^: 
inch) dcteraines the sise of the cUmb^s required. (5-6; Fig. 31) 

Climbing equipment should be inspected thoroughly before it is 4sed to insure that the body beit 
and safety strap are m good condition and that the chmbers are in such a condition as to promote 
' safety in ciimbmg. ^5-", Sp^ 

0 Some cf the precautions which must be observed in pole climbing are: 

s.' Always make certain that your climbers and body belt are in good condition before climbing 

a pole. ■ ^ _ 
6. Check the condition of the p<:*le before ciimbixlg^. 
c. Always use climbers of the proper size and in the proper manner, 
(f. Look up the pole while climbing to th^ top and down when you ar^ descending, 
e Always make certain that the safety-strap hook snaps into the D-nng, in the proper manner. 
c5^9. 12, 14. 15)" ^ ^ 

CHAPTER 2 

1. The drop wire between the terminal pole and the first building attachment is called the '*span 
run/* (6-1) 

^, It is economical to use the existing attachments if they are suitably located and are in :such con- 
dition as to provide a secure mounting for the drop wire, (6-1) 

3 Span^lamps are used whf never it is desirable to use the aerial cable strand in supporting the 

drop Wue. They are used in attaching the drop wire to the strand. (6-2; Fig. 39) 

♦ 

4 Drop wire clamps are used in connecting drop wire runs to either pol^ or building attachments. 
They i^re connected in such a way as to maintain ^lack in the wire at the point of attachment. 
6^3, Fjg. 41) . ' 

I 

2 Slack sn\iSt be maintawied in the drop wire at its point of attachment m order to minimize con- 
ductor l^reakage at tids point, (6-3) 

Dnve hooks are ^driven into telephone poles for the purpose of attacning the pole-end of the drop 
wue run. Guardarm hooks are bolted to either the guardarm or crossarm for the purpose of attach* 
mg the drop wj re. (6-4) 

7 When usmg a Uddar against a suspension strand to install a drop wire, observe the following 
safety precautions: 

J. Position the ladder- against the st^nd on the side- opposite from the drop wire. Thus, pulling 
on the drop wire pulls the Udder iigainst the v^and rather than away from it- 

b. If the ladder is placed in a rogAvay, make provisiot^s to guard ^he ladder from passing 
vehicles, ^ 

" , Tie the la^^der to the strand before starting the installation procedures. 

i. Fasten your safety belt to the strand but do not pass it between rungs of the ladder, 
<f- Do not hold rope or line in yo-^r hand While climbing the ladder. (6-5) 

3. Buildings runs can be installed without any interfererure to the ground area below the proposed 
span ran. Also.^ the pulling up and sagging of drop wi^re from a pole or strand position iS easier 
and safer than pulling ^it upjrom the building end. ('6-5)<* 
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9^ Thetyp* oi buildipi= ean«michon (wood. tBMoofy. etc.) and the grooflding of the telephone cable 
\ injfdived determine the ^jfpe of attachments which must be used. (6-6) . 

■ ^ IQ^/tasiiTatsd ty>« of attachments with screw anchor arrangements are norraaily used oft frame build- 
ifigs if tljaTcable is not growing. (6-6) 

y li. A bi^ rul» which htlpi to d«ttrniin« th« type of attachtntnt^ is to plan on'insulating tht drop 
ail coifau«ibl« matofiala. For example insuiator type attachments should be used on 
/ /frame buUdin^ if the cable tteach ia not grounded. (^-6) 

12. The clearance of the span run from roadways, footways, electrical equipment, etc. must always 
be considered m locating the first building attachment, (6-7) 

13. The building run is usually supported at the first attSchnient*by the use of a drop wire clamp, an 
msulator knob imi S-wire clip--or by a C-knob, in some cases. (6*S) 

14. Hammer drive anchors,, screw anchor arrangements, and various types of toggle bolt anchors are 
all used on masonry^type buildings. (6-10) 

15. An Mgle screw attachfl»nt should be installed so that tte wire pull will tend to turn the screw 
into the wall. (6-10) 

^16. The tenn intermediate attachments*' refers td the supj^rting attachments used between the first 
and last building attachments. (6-U) 

17. The supporting attachments must be placed closer together on a horizontal building run than those 
placed on a vertical run. (6-12) 

18- Mechanical protection of a building run refers to the use of insulating tubes, tape wrappings /etc., 
for protecting the wiring at/places where it may be damaged. (6-13) 

19. Two kmds of insulating tubes are the solid and split types. <6-14) 

20. Split type insulating tubes are furnished for installation on existing wiring in-order to avoid 
cutting or disconnecting the wire to install solid tubes, (6-14) 

21. When drcp wiring must pass in front of or behind a rainspout. it may be protected by placing an ^ 
insulating tube over the wire at the point where U comes in contact with the rainspout. Also, 
supporting attachments should be installed on each side of the rain spout, (6-19) 



^Vhen the building run must turn a corner, the wiring may b^f supported by the use of insulated 
screw eyes, bridle rings, or C-icnobs. In some cases, a drop wire hook may also be used, (6-21) 



23. The **last attachment" on a building rufv is the attachment just befottf the wiring enters the build- 
ing. ^6-22) 

24 A drip loop is provided m the drop wire t^prevent moisture frcm following the wire into the 
building. (6-22) 

23. The drive hooks must be installed on the term ii?al pole in a position which will provide proper 
appearance and clearance for the drop wire. (6-27) 

26. From the drive hook on the pole, the drop wire runs through drive or bndle rings to the terminal. 

(6-27) 

27. As is the case with drive hooks, the guardarm hooks on a pole must be installed m a position 
which will provide proper clearance for the wiring while making sure that the vertical run of the 
wire IS not too loose or so tight that the wire is under additional strain. (6-2S) 

23. Usually a special type of distribution wire, with a steel serving and neoprene jacket, is used 
for underground installation. (7-2) 
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:9. Undersround dwtnbutioii wire may be nonnaily protected at cnticsd points by the use of gaiva* 
nised-pipe^conduit, (,7-3) 

30. Underground distribution wire may be buried directly in the ground by use of a wire plow (when 
available} or it may be buried in a hand- or macliine-dug trench. (7*4) 

31. When burying underground wire or cable, the following rxdee should be observed: 

3, Avoid careless handling of wire or cable and do not permit vehicles to drive over wire or 

cable that is lying on the ground. Do not expose the wire to light or moisture untU you are 

ready to place it in the ditch %ad bury it.- 
i. Be sure that tbm wire or cable is buried deeply enough to protect it front heavy vehicles, etc. 

In general, a depth of 18 to 20 inches is sufficient in most cases, 
c. Check the wire or cable as it is placed in th« ditch to insure that it is in good condition and 

that it is sufficiently long at each end for termination. When crossing ditches, avoid places 

where the cable might block the natural drainage of the area. 
(7^5) • ^ 

32. Where underground wire or cable is expc»ed to mechanical damage, it may be protected by inclos- 
ing it in the exposed area witix split wood conduit, galvaniaed pipe, or other protection. (7-7) ' 

33. The ^derground v-iring or cable at the ends of the installation must be protected with galvanized 
pipe or conduit. Usually, this protection extends from below the surface of th,e ground to the pro- 
tector at one end and from below the ground to a height of about 6 or 7 feet at the pole end 

, (7-7-9) 



34. The building entrance hole should be located where it will provide the shortest possible outside 
^ building run without causing inside wiring problems, (8-1) 

35. Since the protector is normally located near the entrance hole and also requires a good ground, 
these factors should be considered when locating the entrance hole. (8-1) 

36. The entrance hole is usually made at a location just above the building foundation sill or through 
a wooden frame, around either a door or window. (8-1) 

37. An entrance hole should be made large ep6ug{t to accommodate the number of wires which must 
enter the building. If an insulating tubers to be used, the hole shouid-be just large enough to 
accommodate the tube. (8-2) 

33. Entrance holes should be slooed upward from the outside to help keep moisture from entering 
through the hole. (8-3) 

39. No tube IS required when a service entrance conduit is used, or when the hole is made entirely 
through brick or masonry. (8-5) " * 

40. If carbon dust should short across the ^ugap in the station protector, it is quite likely that ser- 
vice on the subset concerned would be grounded out, (S-7) 

4L In most cases, the protector is equipped with fuses which bum out when their maximum rating is 
reached. This protects the equipment from excess current , (8-7) 

42. Most protectors are constructed in such a manner as to allow excess voltages to arc across an 
airgap to ground. (8-7) 

43. The station protector should be located as close as possible to its ground source, (8-8) 

44 All wjring on an outside protector enters and leaves the unit at the bottom. (9-9) 

45. In the outside protector, the drop wire is nc^maily connected to the two lower terminals; the 
station w^tJng connected to the two outside terminals near the top; and the ground wire is 
connected to the center terminal at the top. (8-9) 

407 

40 ^ ' 



46. Tilt cold water pip© of a pub^c qr hw w«tf?r* system ;s the most desirable grdund for the pro- 
tector. (8-iQ)- * / V> > , 

47, Only am ftteeieas protector may be grpunded through a No. 14 ground wire. (8-U) 

\ 48, If tht protector Is to frouad out excessive voit«ges» tfik grcHind systecjt must be in good condition. 
Also, in mmny systems, ihe ground is a part of the ringing circuit. (8*12) 

49. The telephone should be installed where it is convenient for the user. Also, it should be located 
where the Oser can hear the belL Furthermore, it should be installed in a dry place; it should not 
be near a grounded metallic object such as a radiatof or sink, and never near any elect ncal'^pii- 
ance. (9-4) ^ * ^ . 

S6. Since the telephone location and the inside wire^runs will have .^'bearing oa the loci^tion of th^ 
entrance hole, it is evident that planning of the inside installation should take place along with V 
the planning ol the drop wire run. (9-3) - s 

51. The inside wire run should follow as direct a route as possible from the entrance hole^ the tele^ 
phone. However, it must also present a neat appfarance and' be routed around concentrations of 
pipes, electrical equipment, and moisture areas. (9-7) ^ ^ * ^ L 

52. Wiring may be concealed in a building by pulling it through the airspace back of the inside walls* ( 

(9^9) 

^ 53. *'hen making inside wire runs on the surface of walls, the following rules ^pplyj 

3, Follow the ceiling line rather than the baseboard of a room. This places the wiring above all 
windows and doors. , ■ ' 

b. Use wire moldings, picture moldings, or raceways, when available. ' 

. c. Place the wiring in a metal or wood molding on vertical runs where door or picture moldings f 
are not accessible. 

Make sure that the wiring does not interfere with the operation qf windows or dgor^ and that 
the wire run does not span open spaces, 
e. Do not make beam-to-beato runs in storage or work areas wherd the wiring may be damaged by ' 
equipment. 

t . Stay within 3 inches of the wall* if joists must be spanned. 

(9^10) . . ' 

54, ^Wiring protection is maintained for inside wiring m much the same way as for outside wiring. 
Clearance from other facilities is maintained throughout the run. Various types of attachments, 
tape wrappings, porcelain tubes, woven conduits, etc., are ail used on inside wiring to suit th^ 
job at hand. Also, with modem plastic-covered wiring, special staples with staple guns are some- 
times used in attaching the wiring. (9-13, 14) v 

55- Conduit should be installed in a building when any of the following conditions prevail: 
a. When exposed cable or wire would be subjected to mechanical or electrical damage. 
i>. ^hen exposed cable or wire would Constitute ^ hazard, , 

c. When the appearance of exposed were or cable would be objectionable. 
19^18) 

56. Four general ty^Jes of building conduit systems are: 

a. Underfioor qjlCt- 

b. Undertloor-from-wall conduit. 

c. Base raceway. 

J, Molding raceway- - ^ » 

t9'21) ' . • 
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_ 57. Two types of und«rfloor duct systems aie; 

a. Gridwcrk. ^ 
h. Cellular stMl floor. 
(9-22) ' 

- . ^ J ' • 

58. With a cilttlaj stwi floor duct system, th* eelephoae wins is placed ia sssiga^i duets fn the 

floof . Other facilities (electrical, etc.) are also ai^signed ducts in the same system. ^9-23; Fie. 85) 
39. A base raceway is simplyia wall baseboard tfiat otjntauwcfiianels for wiring. (9-25) 
60, A BoHing raceway ja qeiling molding which contaiiis channels fbr wiring (9-27) 

^1. Telephone winng is normally drawn ifjtq underflow conduit* systems bv the use of a fishline tape 
or steel wire. (9-29) ' . ' 

62. Underfloor duct systems are normally installed only whilV a building is being constructed. (9-30) 

63. Metal overfloor duct and rubber overfloor. duct are commonly usej^jf, telephone installation. (9-30) 
s^'. Connecting blocks are normally used in three different ways: ' - ^ 

. a . ' To connect the line ihd^statioa w ires near the huilding and entra*ce when ^ protector is'^ftot • 
required. ^ ^ ■ j- r .r 

b. To bridge station wiring. ^ , ' / * .- / C 

c. To connect station wiricg to the telephone cord. (9-35^ • - * ' ■ 
' <»-35) \ ' V - • 

65. Tne letters on connecting blocks identify the terminals to aid iri'pjoper termination. (9-38) 

66. When the connections are not terminatoti properly at the connecting lpIock.lt is quite likely that 
the equipment will not function properly. (9-38) 

^ * t f 

67. Telephone equipment should be tehninated in accordance .with the color code and circuit diagram ' ' 
for the i^iece of apparatus gpncerned. (9-38) 

68. A distribution terminal is sometimes used m » biiUding simplify the connection of a large num- 
ber of telephones. Whtip used in an^installatipn of this type, the distribution terminal terminates - 
the inkide (building) cable; therefore, «ie station wiring is connected directly to th6 terminal. 
19-39.-40) . X.. 

i . . • 

6^, Whet! wi^is attached to a desk, slack must be left .n the wire to allow for some desk movement < 
(9-13) ) 

/ 

70. "Station apparatus" refers to auxiliary telephone devices such as signaling, pquiptnent, switch- 
ing or transfer keys, etc. (9-41, 45) 

71. To properly connect any piece of telephone apparatus, you must follow the instructions fumishec 
for the specific piece of equipment. (9-49) 

* CHAPTER 3 \ 

• ^ ■ ■ •■I 

L Tire connecting of drop wires from a subset to terminals on the terminal pole connects the subset^ 
to ^entral office ei^uipment via a cable pair or telephone line. (104) ^ 

2, After the ifistailation has been completed at the, building, the drop wire must then be placed (with 

proper sag) between the building andrthe pole apd must be connected 4© the^ proper terminals tn 

the tonninal-can. (10-2) 

. ^ • '"^ 

^ i. To miss trees c» other objects, which may hi; in the way, the span run is often connected to^nter- 

mediate attachments such os poles, span clamps on aerial cable, etc. ,(10-2) ' . 
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4. When payiof out drop wire oti thm giound, prtcautions must be taken to keep vehicles from run- 
nine over the wlnt. (10-2) 

5. When the span is placed over a roadway where the traffic is heavy, the drive hook should be la* 
stalled oa the pQi$ before sttitiog tim other placint^optrations, (10*2) 

6. The end of the handline on the side of the drive hook nearest to the building should be attached 
to Che drop wire. (10^2) \ 

7. After the span run been correctly connected to the drive hook with a drop wire clamp, the 

V diop wire soay thea be shaped into the r(Hite it will fdllow between the drive hook and the tenninal. 
After this has baen done the wire oiay be cut for termination* (10-2) 

8. The proper operating tension for a drop wire is nc^mally obtained by providing the proper amount 
of sag in the span run at the time of installation. (10-3) 

9. To provide proper drop wire clearance' without excessive-wire tension, the span run must be in-' 
stalled with the proper amount of sag. (10-3) 

10. Tlic sag should about 7 imHi. (10-4; table 1) 

11. Th« tcnoinal for actial cable is normally either located on the temhnal pole ot attached to the 
cable sheath. (10-5) ^ j, ' 

12. The'd|rop wire leads must be terminated at the proper terminals in order that the subset will be 
connected ^ the proper cable pair. (10-5) 

* * 

13. Tht cable is terminated at the terminal unit by cable installation personnel. (10-3) 

14. The drop wire run on- the pole is normally supported by intermediate attachments between the 
drive hock and the terminal- (11-1, Figs. 102, 103) • 



15. The installer-repairman should inspect the condition oi outside plant equipment in all his work 
areas. (IM) 

16. Since the equipment in the terminal area is subject to damage, }t Is said that this area is a 
critical point for the installer. (11-1) ^ 

IT, You should report it to your supervisor or to the wire chief. (U-2) 

IS. This method of bringing tite drop wire into the terminal provides sufficient wire length iot connec- 
tion to^'SHv of the binding posts in the terminal unit. (11-5) 

19. A clearance must be maintained above many terminais to allow fbr removal of the cover. (11-6) 

20. ^ The drive hook on the pole should be installed in a position so that the wires running to the 
terminal are in line ^ith the tenninal rings. (11-7) 

21. The drop wires must be placed on specific binding posts to maintain proj^r **tip'' and 'ring'' 
polarity throughout the system. (11-9) 

22. When connecting the drop wire leads, the plain wire should be connected to the left-hand post. * 

ai-9) 

23. Insulators are sometimes used on the binding posts of important lines to help m the prevention 
of accidental interruptioss, (11-10) ^ 

24 When several subsets a?e connected to the same cable pair, forming a party line, bridging con- 
nections are normally used. (11-11) 

25. Normally, it is? not considered good practice to connect more than two wires to any one terminal 
binding pest- (11-11) 
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26. Wh«R four wis9% must be bridfed together, it is best to use a bridfiag terminal of some kind to 
(nsi^c th^connectiOB. (1 1-13) 

j . • 

27. Th* firjit wire is placed below the lower washer aod the secoad wUe is placed between the 
washets. (11-U: Big, 114) 

'^S. Bridle wire is noxmaiiy used between drop wire ternisals and open wire lines. (12-1) 

29. Threw wi««. hsidlw and two drop, am Ihc maximum numb«r that should bo coanactad to one 
binding post on a drop wira ta^tatnal. (12-2) 

30. Tha drop wira tarminai muat ba locatad wbata it wiU aot obstruct climbing space and whare it is 
accaaaibia for maintananca* Tha axMt location may vary, along with the uaa of diflerant pole 
attachaanta. croasarms. brackau« etc. (12-3) 

31. When the pole brackets are oa oppoaite sides of the pole, the drop wire terminal should be mount- 
ed batwaao the brackets cm tha pole. (12*3) 

32. A bridging sleeve or connectt^ is normally used to connect the bridle wire to the open wire line. 
(12o) 

33. One wire oi one drop wira-pair is placed below the lower washer, one wire of the second drop 
Wire pair is placed between tha two Ipwer washers, and the bridle wire is placed between tHe two 
^pper washers. (I2-S) it - 

34. The coonactxpn is completed by usi^ig two drop wire terminals, one as a regular terminal and the 
other as a bridging terminal, (12-5) • 

35. The entrance hole for the drop wire terminal may be sealed by wrapping the wire with tape at the 
point where it passes through the hole, (12-5) 

36. r>rx\^ rings should aot ba plaped over 20 inches apart on the crossarm. (12-5) 

37. Operational testi are performed on newly installed telephone sets to insure that both the line 
and the equipment are in proper working- order. (13*1) 

38. The assigned pair is sometimes tested at the^pole terminal to find out if good continuity exists 
between the central office and the terminal. (13-2) 

39. Th^ ring conductor is. the battery side of the line, and it is of negative potential with respect to 
either the tip side of the line or to ground. (13-3) 

40. Ring and^tip polarity must be observed. (13-3) 

41. The tip side* of tha line is positive in respect to the ring conductor. Also, the tip conductor is 
gijouaded at the central crffice. Therefore, vmth the tip conductor at ground potential, the ground' 
must also be positive in respect to the ring conductor. (13-3) ♦ 

42. 'Vhen tha test set is connected between the ring conductor and ground, electrical etietgy passes 
from the conductor through the talk circuit to Aground! Thus, acetone is produced withm the test. 

43 A newly installed telephcme is normally checked by the pe/formance of ringing, transmission, 
reception, and noise tests, in addition, a check, is made of the dial speed on dial telephones. 

113-5) ' . ^ 

« 

44. During operational t^sts on a r^ewly installe^i telephone, t^e lines are checked for continuity, 
grounds, and foreign voltages. If the instrument or ringing capacitor is improperly connected, u 
is likely that it will show up on the test. Also, with dial telephones,, the speed of the dial is 
checked. (13^) * ' 

431. • 
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45. Basically, it proves that tha talaphoaa is working and that you hsvc continuity £n» thji teitphoaa 
to th* c«ntral oKica* (13^) ^| ^ 

46. Ttia ringitti taat is a part of tha routina taaU which ara parforma^ on aach a#wly instatlad tala- 
phona* U IS paffocnaii by calling the c«itral offica for an ^rationai chack; amU adiaif tha wir^ 
chiaf calls you back you csui obsarva how wall tha talaphons rinfi. (13-7) |, | 

47. Usually, whsn blowing into tha telephone transmitter causes a scraping noise, the trainsmitter is 
at fault. (13-7) 

48. A satisfactory noise test is in reality the absence of noise. In other words, a telephone that has 
eiccassive noise is not functioning prqperly, (13*7) 

49. After the tests have l»en cwnpleted, y<Hx must confirm the cable and terminal collections used, 
list the equipment and apparatus uaed in making the inatallation, and complete the service order 
by siting and turning it in to the telephone office. (13-9) 

CHAPTER 4 

1. The term **selective ringing system'' refers to any system used for ringing individual telephones 
on a party line. 

9 

2. Extension rii^ers and loud bells are used to provide a means of signaling a purty under adverse 
conditions. Tlii|t4S, where ordinary bells do not have sufficient coverage, or where there is ex- 
cessive noise, then loud bells or extension ringers may be installed, (14-2) 

3- The extension ringer is normally connected across the ringer of an existing telephone or across 
the line at the protector or connecting block. In any case, the extension ringer must be connect- 
cd ton common battery lines) so that a capacitor is in series with the ringer. (14-3) 

4. With the common-battery systems used by the Air Force, a capacitor must be qomiected in series 
with the ringer, or a permanent signal will be produced at the central office, ( 14^3) 

5. This would cause a permanent signal at the central office because the capacitor would not be in 
series with tlie extension bell. (14-3) 

6. The permanent magnet on a ringer polarizes the ringer parts. Thus, it makes the ringer more 
sensitive to ringing current. (14-4) 

7. The tapper is moved back and forth between the gongs by the electromagnetic action of the 
ringer. The electromagnetic action is produced by the ac ringing current "as it passes through- 
the ringer coils. (14-4) 

8. Twent\--cycle ringing current is commonly used with ordinary ringers. (14-4) 

-9, A biasing spring is used on some ringers to eliminate the bell tapping caused by currents other 
than ringing current. (14-5) 

10. An '^extension telephone" is an ordinary Subset which is connected to an existing installation . 
to extend the service to another room, office, or building. (14-7) 

11. The extension telephone is normaliy connected through additional station wiring to either the 
protector or the connecting block. (14-7) 

12. The extension telephone must be connoted m the same m^ner as the regular telephone. Tbat 
' ^ IS, the same nng and tip polarity must be observed; and, when special nnger donncctions have 

been made on the regular telephone, they must also be fsade on the extension- (14-7. 8) ' 

13. Extension telephones are nonnally used to expand the facilities of a subscriber; but party line 
telephones ,are installed to place more than one subscriber ori a line. (15-1) 
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14. NoiTBsily, ten parties is the meximiUB number thst may be placed os one Use. (IS^) 

15. With seiecUve riniint, each subscriber on a party line hears only his own ring. With code ria|ing, 
each subscriber hears ali of the rings on tlie lin*; however, the rings are coiicti (using numerous 
thort and loog rings) so thst each party may ceragttixe his own ring. (IS*3. 5) 

16. Thr#» mtthoj^ of s«l«ctive ringing are: ringing to ground, pulsating ringing, and frequency ring- 
ing. (15-6) , ^ 

17. Th« finginf-to-ground jaathod may be used withou^he addition of extra equipment. However, two 
partite is the aaximura nuaber that caay be Arved in this mannar. (15*7) 

IS. Ground is used as a common conductor with the ringing- to^ground system. (15-7) ^ 

19. When ringing current is applied to one linsMof a ringing-to-fcround system, the other line is auto- 
matically grounded at both ends* Therefore, ringing qjrtent h^s no effect on that side of the 
system. (15-9) 

20. The ringfr must be connected to ground in^both telephones; faawever, the line must be reversed 
at the connecting block for one phone only. (15-10-12; Fig. 127) 

21. To provide for ringing-to-gtound signaling on a two-party line, one ringer lead in each phone must 
be connected to ground; the i^und wire must be extended from the protector to the connecting 
block for each phone; and the tip and ring cord connections for one phone must be reversed at the 
connecting block. (15-10-12; Fig. 127) 

22. With ti.e pulsating ringing system, the central office is able to apply either positive or negative 
ringing pulses to either side of the line; and with a positive pulse ringer iand a negative pulse 
ringer connected between each line and ground, the central office can ring any' one of these ring- 
ers (4 in ail) applying the proper pulse to the proper line. (15-15) 

23. There are several places where the trouble can exist. As all other stations are satisfactory, the 
trouble must be in that part of the circuit which is peculiar to RG3* If the relay does not operate, 
the trouble is in the central office switch or the line to station 3. If the relay operates properly, 
the relay contacts could be at fault. Again, if the contacts close properly, the trouble is in the 
ringer or that portion of the circuit. (15-19; Fig. 1^) 

24. Operating switch M applies positive battery to the cathode and negative to the anodes of the 
cold-cathode tube. Ionization does not take pla'ce, so the tube does not conduct and the bell does 
not nng. (15-22, Fig. 130) r 

'25, The ringers of a pulsating, gas-filled tube system will operate only on positive or negative dc 
pulses, according to how they are connected. Therefore, by connecting one positive pulse ringer 
and one negative pulse ringer to each side of the line, four parties can be provided with selec- 
tive ringing. (15-22) 

26. Four nngers are usually the number used with the harmonic system. ( 15-23, .24) 

27, A ringer which is tuned to the proper frequency must be installed at each telephone location if 
the system is to function properly. (15-23, 24) 

25. Frequency ringing is performed by using tuned ringers which will operate only on specific fre- 
quencies» then by applying a specific frequency to the line, the desired nnger can be operated. 

.15-24. 25) 
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CHAPTElRS 

1. T«l«pho»« circuit ttoubi«« hav* «n iouacdiats fffactNin th« .etntrai offic*. Thtr«for«. the wit« 
'Mimi is rr^poiuibic for daurmmag in which ai«« tht\ottblt is located asd tor tht sssitnmsst 
of a rvpaiman to correct it. <16-1) 

2. The ihre« gentrai teiaphon* ayataoj areas where trouble tn^y be located are the central office, 
the line or cable, and the subset (16-2} 

i. The central office must perform tests to find out if the trouble\s in the central office, the line 
area, or in the subset area. (16-1-3) \ 

4. The test desk is usually operated by the wire chief or by a test operator. In any case, it 
must always be operated by a well-quaUaed individual. (16-6) \ 

- ^ \ 

5. By tMting th« line with ihm volt-ohin-miUiainm#t«r. thm opcrmtor can ^mck the Un« loop and its 
reaistanc*, d«t«rmiQ« if eithar side of tha Una is groundad, chack bo^ tip and ring for aithar 
positive or aagativa potential, and make varioua types of transmission and subset tests. (16^; 
Table 2) , 

6. The resulu of tests performed by the operator should indicate whether grounds, shorts, opens, 
etc., are present in the circuit In other words, these tests may give you a good indication of 
what the trouble is and approsimately where to find it (17-2, 3) 

7. The four common electrical faults which occur in telephone circuits are shorts, opens, grounds, 
and crosses, (17-3) 

8. Since the' ring side of the line is nofmslly negative, you should look for the source of the stray 
voltage in the circuit (17-4) 

9. The ring conductor of a telephone pair is the negative side of the line, (17-4) 
10. The tip side of the line is usually gfo'unded at the central office. (17-4) 

1 L When a test set is connected between ring and ground, it completes a circuit across the central 
office battery, causing a loud dick in the test set (17-5; Fig. 135) 

12. Since the tip conductor is grounded at the central office and the ground potential varies at 
different locations, the potential difference between ground at the central office and ground at 
the point of test will sometimes cause a click when the test set is connected. (17-5) 

13. An mtemsittent open in a telephone line would cause interraittent transmission if the circuit were 
used. (17-7) 

14. An ^'intermittent'* open is one that opens and closes the circuit mtermittenly. (17-7) 

15. An open telephone line has little or no effect on central office equipment. Therefore, such 
troubles are normally reported by the subscriber. (17-8) *^ 

16. A completely shorted telephone circuit is one in which the circuit is completely dead. With a 
partially shorted telephone circuit, it is possible for the circuit to operate but with difficulty. 
(17-9, 10) 

17. A partial short may cause a subset to be partially dead. (17-10) 

18. A completely shorted drop wire would cause a station telephone To appear dead. (17-10) 

19. A circuit cross m a tefephone system refers to the conductor of one pair being crossed with a 
conductor of another pair. (17-11) 

20. The four types of line crosses are ring-tip, tip-ring, tip-tip, and nng-ring. (17-11) 
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.1. Thi. would fmitm your t.ltphoat pair to pnxiuef • contimm. tisoal at ih« c«ai«i offic Vour 
phoM o«y Of say not b« eoapi.taiy immd, dapaiuiiag upon tha aaact loeatioii of tha croaa. If your 
phoat eaa ba uaaii {Qf tiaaafl^saioa. c»aataik wOl ba praaaat »haa yo» phoaa aad tha othai 
pnona coacamad ara ^ u«a ^ tha saaa tisa. (17-12> 



22. Tha taitt "riai^ip" cioaa Qaaoa that tha riag conductor of oaa pair is cmaaad with tha tip con- 
^ ductor of anolfaar pair. (17-12) , t ' 

23. Tha oaia indicatioa of a tip-to-tip croaa is croaatalk in tha pairs coacamad. For this ramson 
tha dafact ta noUcad by tha subacribar but not by tha cantral offica. (17-14) \ 

t^^rTT^^ ^« •y«£tffl whan both pairs ara in use at tha saaa tim.. 

!?f J t«l«phona Una is unaac*ssarily connacted to aarU ia «ny tn«»ar': it is said to ba ground- 

26. Thraa typas of grounds which may ba found on . tsisphona iina ara: tip to ground, ring to SRsund 
and Up and riag to ground. (17-17) 

27. A gtoundad riag conductor wiU eauaa a parmanaat signsl at tha cental offica and. dapanding on 
lU location, it nay or may not cauaa tha circuit to ba dasd. (17-17) 

f'JTJ^*^'^'^ gtoundad ring conductor will short out tha volt^ga which is ttm^f^ for tr«,oission. 

(1/-17) 

29. A firound witH «n intermittent effect is said to be a swinging ground. ( 17- 18) 

30. Before « repaiman starts out to look for trouble in a subset ares, he should have such informa- 
tion as the telephone number, the set location, the cable pair and terminal numbers, and the 
nature of the trouble. Also, in addition to knowing whether the station is in opersUon. the re- 
pairman should know if: 

a The trouble hsa occurred before. 

• is any indication of foreign current on the line. 

• The ebrrent is an important one. i.e., for a hospital, doctor, etc, 

• There is a need to check the whole circuit from th'e terminal to the station 
(17-21) 

31. You must first verify that the trouble is as reported, and. second, you must determine whether 
the trouble is in the cable or in the installation wiring. (17-22) 

32. T^ initial test should be made at a point where it is easy to open the circuit. This may 'be at 
the connecting block, the protector, or at tha cable terminal. (17-24) 

33. When a short exists in the station wiring,.,it shorts out the voltage from the central offite 

(17-27,28) , ' • 

34. This indicates that the cable pair is satisfactory from the-terminal to the central office. (17-28) 

35. Since we use the battery side of the line to tast for a ground, it is evident that we must deter- 
mine which is the ring and which is the battery side of the line. (17-31) 

36. This indicates that the drop wire lead, to which the connection is made, is grounded. (17-31. 32) 

37. This indicates that the drop wire, between the cable terminal and the protector is defective 

(17-37) ■ ■ ' 

3S. This indicates that an open is present m the wiring t..:ween the protector and the connectina 
. blods. (17-37) . ■ 

i^. A /tng-fo-hng cross ss indicated. (17-41, Fig, 143) 

•W. indicates a tip-to-tip cross. (17-41, 42)' A O ' 

/ X • ^ 

/ ♦ 

/ 
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41. If th« tfoubi* if noticed oaly mhm A* wiad is blowiaf, it Is • good indicstion that thm fiuU UH 
somcwhcr* batwMft tbt tcnainai a&d tfa« prettctor. Th« oovcistnt of th« dtop in the wind ss caus 
tag a awmfint or hich*r«tistaac« fauU. (18-2) 

42. First diack all outsida coonactioas to maka stua that chay ara ciaan. and tight. (I8>2> 

43. As tha dtep It raiativaiy turn, spHcc is, • sacUoa to cpl^m the danagad wiw. (18*2} 

44. Moving lha protactor to a driar location. (18-3) ; 

45. Rai»ort tha situation to tha wira chiaf. Tha ^roubla is pifebafaiy in tha tina to the central oCfice. 
(18-S) ,. 
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STOP- 



A' 

t. MATCH ANiTWER 
SHEET TO THIS 
EXERCISE NUM- 
BER. 



2. USE NUMICR 1 
PENCIL. ♦ 



36254 03 21 



volome review exercise 



Carefully r«ad the following: 



DO'S. 

1. 'Check th« **course/' "volume/* and "form" nuinb^« Uom the an»iW#* sheet «idreM tab against 

the *'VR£ answer sheet identification number'' in the hghthand column of the shipping list. If 
4 numbers do not match, take act^ion to return the answer sheet and the shipping list to ECI immedi- 
ately with a note of explanation. , 

2. Note that numerical sequence on an^iwer sheet alternates across tram column to column. 
3.. Use only medium sharp black lead pencil for marking answer sheet. 

4. Circle the correct ar swer in this test booklet. After you are sure of your answers, transfer them 
to the answer sheetilf you have to change an answer on the answer sheet, be sure that the era* 
^ure is complete. Ufce a clean eraser. But try to avoid any erasure on the answer sheet if at all 
possible. \ 

4 

* 5, T<ike action to return entire ani^ec sheet to £C1. 

6. Keep Volume Review Exercise booklet for review and reference. 

T, U mandatorily enrolled student, proces:* questions or comments through your unit trainer or OJT 
supervisor. .* 
If ioluntarily enrolled student, send questions or comments to ECI on ECI Form 17. 



DO'S'TS: ' 

1 Don t use answer sheets other than one furnished spectficaily for each review exercise, 

2- Don't mark-on the « ver sheet except to fill \n marking blocks. Double marks or txcessive . 
markings which overflow marking blocks will register as errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet, . 

4- Don't use ii\k or any marking other than with a^-1 black lead pencil. 

Sot€: The 3-digit number in partfnthesis immediately following each item number in this Volume ^ 
Review Exercise rep^ents a Guide Number m the Study Reference Guide which in turn indicates 
the area of the tiejct where the answer to that itejRi can be !ound. For proper use of these Guide 
Numbers m assisring you with your Volume Review Exercise, read carefully the instructions m 
the heading of the Study Reference Guide, 
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, A ^ Multiple Choice ' ^ 

I. (301) tftiick of tb« foUbwisg hackiaw bUdts ^ouid'be bt«t for siwthg thifi shttt metfti?- ^ 

' , . • ' ' ' ' . 

a. A blade with 24 teeth per inch. c. A biMde with 16 teeth per inch. ^ 

b« A^biacie with 20 teeth per inch* ' d. A blade with 14 teeth per ineh. 



• ^ 2. (300) Which* if any, of the following should be used to run e ^ire from a bi^ilding to an outside. 

• , extension ringer? ^ 

a. PI as tic- jacketed station wire. c* BlocW/(are. - . ' 

b. Cross-connecting wir#. \ d. None of the above. 

* 3. (300) Why are some station protectors equipped with qarbon blocks? 



a. To. connect the drop wire run to the inside wiring. 

b. To shunt high voltages to ^ui|d. 

c. To shunt excess current frc^ the fu^s. v 
, d. To connect the^ ringing circuit to ground* 

4, (302) When usinf cfimpression sleeves to splice the conductors of a parallel drop wire« the , 
sleeves must be 

a. fitted to the conductor with the insulation removed. 

b. fitted to the conductor insulation. * 

c. soldered to strengthen the splice. 

d. staggered to strengthen the splice. \ i 

y 5. (300) When planning the protector requirements for a telephone installation, the-i^rotector must 

be used on all installations connected to 

a. a ring- to-ground system. c. underground circuits of any kind. 

b. underground shielded cable. d. aerial cable or open wire lines. 

6- (303) To properly preserve the body bdf and safety straps* the repaimian should clean them 
regularly and oil them lightly with a good grade of 

■'a. engine oil. , c. iMeat's Foe ciL 

b. castor oiL ^ d. mineral oil. 

7. (300) Which, if any, of the following should be used to connect open wire ^sircuits to pole- 
mounted drop wire and cable terminals? 

a. Twisted pair block wire. • c. Parallel dtop wire. 

b. Twisted pair bridle wire. d. None of the above. 

8- (301) As a general rule, the best tool for holding and bending wires for attachment to tennmal 
lugs is the 

a. lineman's pliers. c. combination pliers. 

/ b. long-nose pliers. d. diagonal pher^. 
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(300) Parallel drop wire is^phm&riiy intended for use between the 

^. tenninal^can and the first building attachment. 

b. first building atta€:haient and the protector. 

c. protector and t^ connectin|( block. 
d« 'telephone and the prptectot* 



10. (302) When a wire splicers properly soldered, corrosion is held to a minimush because the 



a. strength of th^-'f^int is increased. 

b. size of the joint is increased 



s 



c. resistance of the splice is reduced. 

d, asr is ^epe away frotn the joint. 



11. (300) The telephone wiring which extends *front the terminal-can to tihe station protector is 
called the 



a. block wire run. 

b. drc^ wire run. 



c. building run* 

d. span run. 



12, ^303) When weariog a body belt during pole climbing operations, a left-handed repairman should 
snap both ends of his safety str^ to the 

a. upper T)*ring when the strap is not in use. c. right side D-ring when the strap is not in use. 

b. center D-ring when the strap is not in use. d. left side Earing when the strap is not in use- 

13. t300) The connecting block in a substation installation is used for connecting the 



a. stauon wiring to the subset terminals. 

b. mside wiring to the subset cord. 



c. outside wiring to the protector. 

d. drop wire to the cable pair. 



14. (300) The wire clearance specifications used in telephone installation are established by the 



a- National Electric Code, 
b. Communications Officer. 



c. Telephone Instailer*s Union. 

d* wire chief and base central office. 



15- C300) Fuseless type protectors are nonnaiiy used with 



a. rr^ost strand supported aenal cables. 

b. grounded sheath cable installations. 



c* open wire block and span runs, 
d. aerial drop and block wire runs. 



10 



,300) For overhead lines and cables, the tennmal-can is normailv mounted on 



a. a pole adjacent to the building. 

b. a pedestal adjacent to the building. 



c. a special support* 

d. the outside building w^. 



301) When the blade is properly attached to the hacksaw frame, the 



coarse teeth on the blade should be near the front end of the frame, 
fine teeth on the blade should be near the front end of the frame, 
teeth on the blade should point away from the handle, 
teeth on the blade should point toward the handle. 



13. v301) For information pertaining to the availability of cable tfr wire pairs on your base, thL.- 
installer should contact the 



a. ime and cable foreman. 

b. vvue records cierk. 



cable installation personnel, 
d. base communications otficer. 




19. (302) If a coonecUon m a telephone c:rout were soldered with acid-core soider. the chances 
are that 

a. no ill effects would be noticed in the circuit* 

conoaion woul,d focn, reducing the circuit resiatancc. 

c. coRQSion itould fonn, inbreaiung the ciroiit resistance, 

d. the connection would serve its purpose as well as other connections, 

20. (302) The best solder for use with telephone and electrical work is known as 

a. 50 percent solder. c, acid-core solder. 

b. 60 percent solder. d. rosin-core solder. 

21. (302) If too much heat is applied to the joint during the solderin|j process, the meited sclder will 

a. harden too slow when the iron is removed. 

b. harden coo fast when the iron is removed. 

c. flow away from the joint, resulting m-a loose connection when it cools. 

d. flow into the joint, resulting in a loose connection when it cool^. 

22. (30J) The hole located near one end of the lineman's wrench is used to 

•* 

a, install the pole crossann tfarough-bolts. c. tighten the pole steps. 

b. adjust the pole insulator brackets. d. alipi the pole crossarm brackets. 

23. (301) ftTien assigned to the job of connecting two telephones to a selective ringing party line, 
the installer can obtain information pertaining to the type of iing for each phone by 

a. checking with central office personnel. c. testing both of the subsets. 

b. testing the assigned pair at the tennmal. checking between the ring conductor and ground. 

24. (303) It IS good practice for the installer, when 

a. descending the pole, to keep the gaff about 2 inches from the pole. 

b. beginning to climb, to jab the gaff in the pole 10 inches above the ground. 

c. descending a pole, to use the same upward and outward motion in freeing the gaff as he used 
when climbing. 

d. climbing the pole, to look at his feet frequently to be sure not to hit a knot or other obstruc- 
tion. 

25. (302) In the soldering process, when the soldering iron tip is placed under the splice and the 
solder is applied to :he upper side ot the spUce. the method of solder application is called the 

a. 'tlow method. c. tinning method. 

b. sweat method. d. puddle method. 

26. (303) After climbing to the desired working position near the top of a telephone pole, the lineman 
must place the safety strap around the pole ^ 

a. and test the snaps, hooks, and belt by placing his weight on the assembly, with his hands on 
the safety strap. 

and test it for safety by leaning back with his hands upon his hips. 

c. before removing his weight from the climber gaffs. 

d. in a position about l£k inches from the top. 
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27. (303) The size of a lineman's body belt is determined by the 

a, length of the belt and the distance from the buckle to the D-rings. 

b. length of the belt and the sise of the safety strap. ^ 
c; distance between the buckie and the eyelet^. 

d. distance between the D-rings. 

1%. (300) In reference to telephone installation, the term **wire clearance" applies 

a. only to the span run, c, to inside and outside wire mns. 

b. only to the drop wire run, d. to all wiring except the span run. 

29. l303) The size of a lineman's climbers is determined by measuring from his knee lione to the 
underside of his shoe at the arch and then subuacting 

a. 1^4 inches. c. ^ inch. 

t5 i inch. d. inch. 

30. i301) One of the main considerations m the selection of a screwdxiver is to select one that 

a. has a sharp bit. c, is equipped with an insulated handle. 

b. fits the slot in the screw head. , d. is strong enough for the largest screws. 

Chapter 2 

31. (.304) The first building attachment for a drop wire* installation must be located so that the 

a. protector can be mounted near the entrance hole. 

b. building run will be as short as possible. 

c. entrance hole can be made near the subset. 

d. drop wife span will have proper clearance. 

32. (306) If the airgap in a given protector is filled with carbon dust, the chances are that the 
associated subset will become inoperative due to 

a. an open circuit. c. a crossed circuit. 

b. a grounded circuit. d, a short circuit. 

33. ',304) The ends of a span run should be fastened to the attachments with drop wire clamps to 
r^inimiie the 

a. strain on the attachments and to keep slack out of the drop wire. 

b. sag at the center of the span run and to provide slack \sk the drop wire. 

c. strain on the drop wire at the point ot attachment, 

d. sag at the center of the span mn. 

34. (307) When an inside wire run must cross electric light wires and a separation of at /ea^r 1 
inches cannot be obtained, the mside wiring should be protected by 

a. piacitig It in a porcelain tube at the crossover. 

b. wrapping it with rubber tape at the crossover. 

c. wrapping it with fnction tape at the crossover. 

d. applying woven c6^duu at the crossover. 
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35. (308) Wh«i piacinf station v^mng in a conduit system, the wiring bouid be 

a. lubricated with miaerai oil before it is puUed in piace. ^ 

b. pulled through the underfloor system witK a fish tape. 

c. pi»c«4 directly in the uadcrfloor conduit, * 

d. puUeA through the -raceway ^ith a fish tape. 

36 (307) Why is a maintenance- free installation sought when selecting an mssde wire mn? 

a. To incqease communication efficiency. c. To conserve matenais. 

b. To conform with regulations. 4. To avoid wall damage. 

11. (305") Where buned distribution wue crosses a creek, the wire should be protected by 

a. running It under the stream. c. treating it with a waterproof conduit. 

b. placing it in a split wood conduit. , d. placing it in a galvanized pipe. 

38. (304) Mechanical protection for an insulated building run may be provided by wrapping the wire 
with 

a. layers of insulating paper. c. an insulating tube. 

b. a layer of f notion tape. d. a layer of rubber tape. 

39. (306) Airman Smith has just mounted an inside protector on a floor joist ;n the BX "basement. 
From the ground locations available, Smith should select 

a a ground rod installation. c. a pipe running from the water heater. 

the pipe closest to his protector. d. an incoming pipe from the base water system. 

40. ,305) Buned distribution wire entering or leaving the earth should be protected by a guard pipe 
to a depth of at least 

a. :0 mdies. ^- mches. 

b. 16 inches. d. 8 inches. 

41. (304) When installing building runs, a drip loop should be provided 

a between intermediate attachments. c at each building attachment, 

b, at each end of a horizontal run. d. outside of each building entrance. 

42. ;306) When dniling an en^trance hole in bnck or masonry, the hole should be drilled 

a. to perait the insulating tube to extend Pi inches beyond the wall. 

b. large enough to accommodate the proposed and anticipated wmng. 

c. large enough to permit the use of an insulating tube. 

d. to slope downward from the outside.' 

43. (308) As used for inside wiring, the base raceway is 

a. nomiaily installed along the wail at floor level. 

• b. normally installed along the wall at ceiling level- 

c. always made of wood. 

d. aiwavs made of metal. ' 
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44. (304) \ni«tj a ladder i» u»«d ia attaching the dnsp wre to a cable strand, the 

a. ladder ifaouid be tied to the cable strand on the side o^ioaite from the drop wire, 
ladder should be pia^ed on the same side of the cable straod a» thr drop wire/ 

c. repairman should keep a headline tn one hand while climbiii| the ladder, 

d. repainnaa's safety belt shouid be attached to .a lacider t^g, 

45. (308) *Twch of the toliowing is normally used to connect the line and ^^ation wire near a buUdi 
entrance yhen a protector is nof required? . * 

a. A junction box- c. A blank protector, * ' 

b. A connecting block, d. A special connector. 

46. (304) The drop wire should be attached to the i 

a. terminal pole with a drive hook and drop wire clamp. 

b. tenainai pole with a bridle ring and drop wire clamp, ^ 

c. crossarm with a driye hook and drop wire^ciamp- 
crossarm with a bridie ring and drop wire clamp. 

47. (308) The use of conduit for inside wiring is /ee3r necessary where 

a. exposed wire would be a hazard. c. e:q)osed wire would be uilsightiy. 

b. mechanical damage is likely, d. general office work is being done. 

48. (306) Which of the following is applicable when ground rods are used to make an installation^ 

a. The location of the ground rods is of little importance, 

b. Three fuseless protectors may be grounded through No. 14 wire. 

c. Each protector should have its own ground rod and ground wiring, 

d. There should be at least 6 inches of space between the rods when more than one rod is used 

(307) ttTiich of the following is not a primary consideration when installing an inside wire run? 

a. Clejarmg obstmctions. c. Length of mn. 

b- Minimum maintenance. d. Service life. 

SO. (304) \^Tien attaching a drop wire to the terminal pole, the drive hook must be placed in a posi- 
tion which will provide 

a. a specified vertical distance between the hook and the cable suspension strand, 

b. sufficient tension in the ring wiring to remove all strain from the drop wire clamp, 

c. proper sag ;n the span tun. 

d. proper clearance m the drop wire span. 

d1. (304) ^'hich of the following attachments wouM be resjuired to fasten 3 drop wirr to an aenal 
cable strand? 

a. A drop wire clamp and a drive hook. c. A span clamp and a C-bracket. 

b. A span clamp and a drop wire clamp. d. A span climp and a drive hook. 

32, (305) When making an underi^round installation between the terminal pole and a building, the 
installer should use 

a. the appropriate distribution wire, burying it either m a conduit or directly in the ground. 

b. the apptopnate heavy*duty wire to ground the high voltages encountered, 

c. block wire, burying it directly in the ground, 

d. regular drop wire, placing it m a conduit. 
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53. ^304) If an miuiating tube is required while instaming a new building run, the installer should ^ 

a. secure the tube in place with lashing wire. ^ 
use a split-type tube, if available. 

c. use a soUd-type tube, if available. 

d. extend the tube 2 inches beyond the ends of the entrance hole. 

5* ^304) The stiecuon of the attachments for fastening the drop, wire to a building is detemaxned 

by the 

a. particular telephone system. 

b. structure of the buUding. 

c. span portion of the drop wire run. 

d* requirements br separation from inflammable or conducting materials. 

55. (308) To be most effective and efficient, concealed conduit systems should be installed 

a. after thje building is completed, c. by electrical facilities personnel when needed, 

b. by the installer-repairman when needed. d, while the building is under construction. 

36. (307) The first step in planning an inside wire installation is to select a 

a. location for the telephone set. route for the protector ground wire. 

b. route for the insid^wire run, d. location for the station protector. 
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When mside wiring cannot be concealed and a surface run must be made, it is best to 

install the run 

a. along the baseboard. c. along the mopboard. 

b, on top of the quarter round. d, along the, ceiling line. 

38. i304) When installing drop wire runs* the installer should use 

a. outside protectors on frame buildings. c, inside protectors on brick buildings, 
insulated attachments on frame buildings, d. insulated attachments on brick buildings. 

59. (306) The entrance hole for a drop wire should be drilled in a position to provide for the 

proper location of the connecting block. c. shortest outside building run. 

b. proper location of the subset. d. longest mside wire run. 

60. (306) W\en the protector is mounted outside, it should be installed 

a. Within 5 feet of the ground and with its wiring entering the assembly at the botto^ 

b. within 5 feet of the ground and with its wiring entering the assembly at the top. 

c. at least 2 feet above the ground with its wiring entering the assembly at the top. 

d. at least 2 feet above the ground with its wiring entering the assernfciy from either the top or 
bottom* 

Chapter 3 

61. (312) If a scraping noise is heard in the receiver while blowing into the mouthpi^e of a newly* 
;nstailed telephone, the 

a. hookswitch is defective. c. coupling capacitor should be replaced. 

b. receiver is defective. d. transmitter should be replaced. 
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2. (310) Binding post insulators are used at termini! assemblies to pi^eveq^ 

a. •ccidi|ntal iateirupeions. c arcing at carbon blocks^ ^ 

b. intetruptioa of {^iice calls. d. wire tapping. 

63. (309) When instaliiag and terminating the drop wirApan at a terminal poi«, the drop wire should 
be cut x-^ * * , , 

a- after it has beei threaded into the terminal-i;^- 

b. after ;t has been properly , attached to the drive hook. 

c. immediately after it is raised into place. 

d. before it is raia^ mto place. ' ^ . - • 

64. (310) Whv IS the drop ^vinng on a pole bridged sometimes just qutside of ^e tennmal-can? 

a. To dbnnect more than one cable pair to an emergency telephone. 
^ To provide extension telephone servifce for certaiit-parties. 

c- To provide ringing to ground for sp^ific telephones. . 

d. To connect three or more parties to the same cafare pau . 

65. (389) How much stringing sag' would-be required in a 2Q0;foot span of^ordinars' drop wire to obtain 
approximately 30 pounds of stringing tensiorf? 

, a. 9 fe«t. , c. 4 feef. ^ 

b. 7 fe«f. a- 3 feet. 

66. (312) Sometimes the installer wUl test the assi^ed wire pair before he' terminates the drop A'ue - • 
to determine if 

a. sidetone is applied to the pair. r> 

b. the tip conductor is properly grounded- 

c. the central office equipment is functioning properly . 

d. the pair is m good order and to identify the conductors. - ^ 

67. (310) When terminating the drop wire at a poie-mounted terminal, and the binding, post^ for the 
assigned pair are located to the right-hand side of the terminal assen\bly. the pole run Trort? the 
drive hook should be brought down 

a. through the terminal assembly. 

b. behind the terminal assembly.' , ^ , 

c. past tj^e 'left-hand side of the terminal assembly. 

d. past the right-hand side of the terminal assembly. ^ ^ ^ 

68. 1312) While performini an^oRerational test on a newly terminated telephone, the tip and ring 
contJiictors from the centrai office to the subset are tested for 

a. identification by the installer. 

b. identification by the central office. 

c. grounds and foreign voltages by the installer. 

d. arounds and tdrcign voltages by the centrai office. 

69. (312) Operational tests are performed on eewlv^instalied telephone sets primarily to 

a. insure that the new installation will function properly. 

b. detfrmine if the cable pair will function properly. 

c. ' determine if mistakes have been made .during installation. 

d: insure that the installation is connected to the proper cable pai; 

58 



ERIC 



70. U09) The stringing t«nmion for an iwerag- length drop wire span which meets the minimum sag^"^*^ 
requireiaents is approsdmateiy ^ 

a. 3S pounds. c. 25 pounds. 

b. 30 pounds. d. 20 pounds. 

/ 1. (311) When a poie run is installed for an open wire termination, the maximum spacing between 
intermediate attachments Should not be over 

K 

a, 20 inches. ^ c. 14 inches. 

b. IS inches. d. 10 inches, 

72. (312) ^en a telephone line pair is in good order, and a loud cucic is heard when a test set is 
connected between one conductor of the pair and ground, this indicates that 

a. a foreign ciirrent is present on the line. 

b. positive battery is present on the conductor. 

c. the test set is connected between ring and ground. 

d. the test set is connected between tip and ground. 

73. (311) If two drop wires must be bridged to one open wire pair, the conductors of the second dtop 
wire must be terminated ^ 

a. directly to the open wire lines. 

b. directly to a ^cond drop wire terminal. 

c. under the lower w^ashers on the binding posts of the drop wire terminal. 

d. between the two lower washers on the binding posts of the drop wire terminal. 

74. (311) When making a^ open wire termination on a pole equipped with pole brackets, the drop wire 
terminal should be installed op the poie 

a. above the lower line wire when the brackets ar* on the same side of the pole. 

b. between the brackets when the brackets are on apposite sides of the pole. 

c. below the lower line wire when the brackets are on opposite sides of the pole. 

d. between the brackets when, the brackets are on the same side of the pole. 

T'S. (311) When terminating a drop wire to open wire lines, what kind of wirirfg is normally used 
between the terminal and the open wires? 

a. Bridle wire. c. Hookup wire. 

b. Open wire. d. Block wire. 

75. (312) Normally, after installing a dial telephone, the operational test iticiudes a check for 

a. ringing voltage, reception, transmission, sidetone^^and dial speed. 

b. ringing, reception/ transmission, protector operation) and dial speed. 

c. sidetone. transmission^ rmsingi voltage, and dial speed. 
4. reception, ringing, transmission, noise, and dial speed. 
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77. (314) Why are some dc telephone ringers equipped with a biasing spAng? 

a. To aid th-? energized coils in puUing the clapper in one direction. 

b. To prevfidt beU isppioc caused by various line currents. 

c. To hiM (he ringer fc^ elation oil aegiOive pulMs <^ 

d. To tune the ringer to a specific ringing frequency. 

, 78, (313) Why are some sc telephone ringers equipped, with a biasing spring? 

a. To bias the ringer for operation on negative pulses only. 

b. To prevent bell tapping caused by various line currents. 

c. To tune the ringer to a specific ringing frequency, 

d. To aid the magnetic field in pulling the tapper in one direction. 

79. (314) With a two-party rxnging-to-ground system, the subset ringer for the 

a. W-party is connected between the ring conductor and ground. 

b. J-paity is coonected between the ring conductor and ground^ 

c. W-party is connected between the tip and ring conductor. 

d. J-party is connected between the tip and ring conductor. 

50. (313) The ringing current used with an ordinary telephone ringer usually has a frequency of 

a. 40 cycles per second. c. 20 cycles per second. 

b. 30 alternations per second. d. 20 altemkions per^'second. 

/ 

51. (314) If finger RC-4 shown in figure 130 of thie text is activated, pylsating dc is being applied 
with the ' / 

/ 

a. positive connected to the tip lead. c. negahve connected to the tip lead. 

b. positive connected to the ring lead, d. negative connefcted to the ring lead. 

> / 

82, (314) A pulsating ringing system, using positwe and negative dulse generators in the central 
office and positive and negative pulse ringers in the subsets, aiust be connected as a 

a. tip*to-rxng system to serve four parties* 

b. ringing- to-ground system to serve four parties. 

c. harmonic ring system to serve four parties, 
d- frequency nng system to serve four parties. 

83. .(314) The common troubles in telephone lines, cables, or substation wiring stem from 

a. breaks, crosses, grounds, and resistances. 

b. opens, breaks, resistances, and grounds. ^ 
shorts, opens, crosses, and grounds. 

d. grounds, opens, shorts, and breaks. 

34. (314) The two-pimy selective ringing system which can normally be used without the instailat 
at ^idditional equipment is known as a 

a. pulsating ringing system. c. harmonic system. 

b. nnging-^o-grourtd system. d. tip-to-ring system. 



60 



(314) When connecting a telephone, subset into a two-party ringing-to^ground system, the in- 
staller must 

a. instail^a ground wire from the projector to the connecting block, 

b. connect the telephone ground terminal to the tip side of the line, 

c. ground the tip conductor at the protector, 

d. ground the ring conductor at the protector. 

1314) With modem telephone systems, the largest number of pafties found on a party line is 
usually 

a. 4 on 3 rural line and tO on a city line. c. 5 on a rural line and 2 on a city line. 

b. 2 on a rural line tod 5 on a city line. d, 10 on a rural line and 4 on a city line. 

(314) What IS the major disadvantagie of a multiparty line which uses selective ringing? 

a* The telephone user is disturbed by the continual ringing. 

b. The telephone line is less available for private conversation. ^ 

c. Each extension telephone has a coded ring which causes conhision. 

d. The telephone nngers operate on different frequencies making it difficult to recognize the' 
assigned ring. r 

Chapter 3 

(316) While using a telephone test set to locate troubles at a substation instailatidn. the results 
of the tests are as follows: 

1. Without disconnecting any station wiring and by connecting the test set at the pole terminal, 
it is not possible to contact the central office over the assigned pair. 

2. By disconnecting the station drop wir>s^t the pole terminal and by connecting the test set to ' 
the terminals of the assignee pair, it isfhen possible to contact the central office. 

3 By disconnecting the subset cord at the connecting block and by conrlecting the test set at 
this point, it is also possible to contact the cent/al office. 

V^liich of the following troubles is indicated^ 

a. The drop wire run is shorted. 

b. The drop wire run is grounded, 

c. The subset and cord circuit is grounded or shorted. 

d. The station wiring is grounded or shorted at the protector. 

C3l6) When ring-tip cross exists between two telephone pairs, a permanent signal will appear at 
the central office for 

a. the pair with its tip conductor affected. c. both pairs concerned. 

b. the pair with its ring conductor affected, d. both ring conductors. 

v3l7) When testing for a cross m substation wiring, which of the following is indicated if a loud 
click IS heard as the test set is connected between the tip conductor binding post m the cable 
terminal and the tip conductor of the disconnected drop wiring? 

a. A tip-fing cross. » * c. A grounded drop wire nng conductor. . 

b. A tip-tip cross, d, A grounded drop wire tip conductor. 
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CHAPTER REVIEW EXERCISES 

Hw ;ci lowing exercises art study auis. Wrire your ans\K/en in pencil in (he space providfid after each 
exerase, Immediateiy after completing each set of exercises, check your responses assarts/ thf ansM/en for 
that set Do not submit your anr^ers to ECI for grading. 

CHAPTER 1 . ^ 

Objectives: To point out major ttaturcs of iatcroffice commumcatior s equ^ment aQd identify key telephone 
liv sicmi;. In addition, to reconsider the prmcipies of interoffice communidbtions equipment 

1. A i Al key system provides what type of communications? (M ) 

J ■ 

2. List the advantages 'that a key system has over ;^ PBX. (1-3, 4) 



3. Dcwnbc flexibility as it pertains to key systems. (14) 



4. Where wii] you find the KTUs of a key telephone system? 0^6) 



5, Wl at IS the name iox "he key system feature that connects the talking circuit of the key telephone to 
the jentral office line? ( i-8l 



0 How many PICKUP keys should you see on a 565 key telephone? ( I-^; Fig. 3) 



\'oi operate which pushbutton to cause a lamp to "wink**? ( M 2) 



i. Descubc the dil'ference (s) between a Call Director kev telephone set and a 565 key telephone set 



^5 Of' what IS a key system package umt compnsed':' (1-15) 



10. VV^ut do we mean by the term "KTU"'' ( M5) 



I 



\ 
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11. Ideality i KTV that wiil operate when you depress a PICKUP key and lift the handset, (1-15. 1-IS O) 



I {fa liiie KTU i :02D) has foitf relays, iowmany relays does the 23QD have? (I-Ts (2)) 



13 Selecuve signaling for a key system with an intercom is provided with what KTU? ( !-l8 (4)) 



t 



14. Idenut>' the umt m the IA2 key system that compares with the R reiay in the iAI key system. U-20) 



1 5. Can you install a Call Commander with a IA2 key system? ( i-20) 



lb On ihe i a: s>'stem, what is the advantage of having the line circuits printed on piug-in cards? (1-20) 



P. Dcsiinbe a diifercnce in the lAl key system and the 6A key system, (i-23) 



IS, Remote stauons'aic often referred to by what other name? (2-2) 



I^^ From where do the remote stations receive power? (2-2) 



/ V. 

Obicc lives. Tc specify simiiannes and differences m key ^ysteirih circuits and to make analyses of the 
circuit operations. I 

! In a 1 Al key syslcm, what unit controls audible and v^uai signals at the telephone^ (3-2) 



2 \ti whai direction is cunent considered to flow'^ (3-4) 



I 



3. How do manuiacturers identify the positions and use of eiectronic ievjces for the circuits of a key 
telephone system.' i4-i) 



4. Why wiH you fi^d the same voUage at the line tennmals for each telephone in a key system? (4- 1 ' 



5. Vfhui IS the purpose of the R thermistor? (4-4) 



6. Whii;h relay coniiois the lock path for the R relay? (4-5) 



Vv'hat relay is released due to the operation of the thermal dcjay relay? (4-6) 



8. What type ot lamp operation will you see when a call is incoming at the key system telephone 
station? (4-8) 



^. 1 key set line circuit ss bemg held, is the lamp off longer than it is on? (4-8) 



10. Which mternipter contacts control the lamp flash? (4-8) 



11. ll the key telephone set lamp is operating without any interruptions, what are the conditions in the 
Jircuif.' (4-9) 



1 :. Identify ihe operated relays m the line circuit that cause the wink tvpe mterruptson of the key telenhone 
set lamp, (4-1 1 (2) ) ' ^ f 



li. What resistance would you read for the winding of the H relay'' (4-1 1 (]) ) 



14 Wliar action must be taken to insure an audible signal on incommg calls dunng a power failure ' 

(4-12) 
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What tenninaJ of the diai selective intercom unit provides "B" ground to the lockina circuit of relav 
RL? (.4-15) ^ ^ 



List the probable digits to be used in a nine-station intercom system. (4-iS) 



Wuch rciay in the diai selective intercom umt functions as a diai puismg relay? (4-19) 



What design feature prevents relays B, C, and T of the dial selective intercom unit from pulsing 
toUowing the diai operation? (4-20) 



How many times would you have to dial the assigned number if you desired to ring the intercor* station 
tor 6 seconds? (4-22, 23) ' 



Identify the relays in the 207C that remain operated during conversation, (4-24) 



Before rmgmg current is received, what potential is applied to the CT capacitor? (5-5) 



Why Uoes relay C not operate on mcoming calls? (5-7) 



What deiermmes duration of time-out m a 400D line cord? (5-11) 



NVhat terminal of the 1 A2 Ime circuit provides negative potential to the devices of the KTU? (Fig. 26) 



Describe the circuit that hghts the teiephone set lamp steady when using a 1A2 key system. (5-15) 



Which relays in the hne KTU of the IA2 system are ope- aied while you hold the calling teiephone 
line.' (i-l'j-iS) 



27. What terminals of the line unit ( see Hg. :6) will you strap to provide a wink to the telephone set laxno'^ 
(5.19) 



;S, Explain the major difference between a 6A k^y telephone system and a I Al key telephone system 



:9. Wha^ type of contact on the pulsing relay of the selector circuit (see FO 2) controls the operating circuit 
of relay B in the same umt? (6-3) 



30. Describe the actions that you perform to recejve Jiai tone. (6-5) 



3 1 . What IS a winng option? (6-7. d ( I ) ) 



32, List two conJitions that result from operating relay BC 1 of the two- talking link circuit. (6-7. 6(2)) 



33. How many times wiU the telephone ringer operate when controlled by the interrupter in a 6A key 
=Astem'^ S6-8) 



34 Wliat circuit activities cause the called station rmger to operate, following completion of the call in 
progress, during camp-on? (6-13) 



3;. Sue stations holiiuig a conference are installed so that thev are connected m what manner' 
tb-r.Fig. 42) 



36 WTuch relays arc normally used to provide talking battery to the 6A kev system telephones' 
(6-21.22) 



CHAPTERS 



Objcciivc: To specify tastaUadon planning procedures and provide infonnation on the installation of key 
system cables and equipment, 

L Cite general procedures in providing a key system with intercom to a requesting agency. ( Intro. » 7-1 



2, Imormation for making power connections is found where? ( 7-5) 



3. What is the minimum space required on the right side of an apparatus cabinet? (8-2) 



4. What is the ideal height to install the apparatus mounting tor a key system? (8-2) 



5. What t>'pe cable is standard tor the telephones of a 1 Al key system? (9-1) 



6, When wiring a terminal, ihuuld the spares be cut off^ (9- 1 ) 



'^^ What length is considered suffici'^nt for fanning conductors? (9-1 ) 



S State two advantages of termmaung cable on tvpe 66 termmais rather ^han on type 30 termmais 



^. What !S the diaiuifcude for the fourth telephone of an intercom system ' ( FO 2) 



10 NVhat color IS the 1 2th single conductor of a cable^ (Fis?, 44) 



; 1 . Wnat color li TiR. line L m a key cabie,^ ( ^- ! ; Fig. 44) 
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1 2. Wh;it color code is considered to be standard in key system cables? (9- 1) 



13. What color would you expect pair 7 oi a key system cable to be? (Fig, 44) 



14. How many bmder groups will you find m a 75-paij pi as tic -cove red cable' (^A) 

S 

I 5. SVhit gnuge of cable will you be most'likely to install? (9-1) 



lo, 'W;;:it lerminaiiinus; be svired in a key system to light the lamps under the pushbuttons? (Fig. 44) 



SVlui action is required to mstail wires on a 66 type terminal that continues on to another connection 



.6 IS J preoperationai check? (9-4) 



CHAin'ER4 

Object;- ^ .. r ) analyze common test procedures for key telephone systems and methods for isolatmg 
aeu».'tiv\' K<y umts. In addition, lo point out repair metliods for faulty key systerrt components. 

i . ^VrA" IS i: important for the '.nsialler*fepairman to know the terminal strip and connectmg block 
wc^ignations for u\e key telephone system a! his station of assignment? ( lO-U 2) 



Hosv would you check ihe operation of a newly mstalled key system? ( 10-5) 



^Vlut digit wuJ vou dial ;f you desire to select your own intercom station and you are j[ the third 
:eiw*phone of :he key system' { 10-6) 



4. How many digits should be dialed to insure good diai action? ( !0-8) 



J^^^^j^^ '"^P " "^P*" ssation, can the associated station lamp for the same line iUuminate'' 

\ 



6. In ^»^at maflSner should you respond when you see a iamp tlashin^ at your station telephone during in 
operational test? (10-11) ■ ' 



What IS the major difference between a Call Director and a six-button key telephone set? ( iO-i:) 



8. What relay in the 6A intercom is used for providing battery to the talking circuit of the primary link" 
(10-12) » 



'3. What indication is provided to a 6A intercom system station attendant- t:\at a called station is busV^ 



10. What IS a common :ause fcr an increase in the current of an eiectncal circuit? (11-3, b) 



1 1 . What IS one method for determining if a reported trouble actually exists in the equipment? ( 1 2-2) 



1 2. When a trouble is found to be present in your equipment, from where do you start checking? { 12-2) 



13. If you are getting a low-value ohm reading when testing toward the short circuit at the center of a circuit 
under test, what is the condition of the circuit? ( 12-3) 



U. What is the usual cause for power circuit fuses to open? ( 1 1-l , 13-3) 



i 5. What tvpe trouble will most often occur in a key system? ( 13-3) 



1 6. What device should a repairman use to check armature travel on a relay (13-8) 
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p. in what manner arc relays and swichcs ttfsied and adjusted? ( 13*10) 

I S. Whal IS the pnmaf>' purpose for using new wire when^*wire wjppping'*? (14-2) ^ 

19. Name three advantages of soideriess connections, (I4-S) 



^0. What maximum amount of skinned wire should show between the insulation and the terminal while 
using a wire wrap gun? (14-6) 



L'nder whai condition's must you use insulated wire for cross-cormecting? (14-10) ^ * 



CHAPTER 5 

Objectives: To aiiaiyzc wiring diagrams and installation schemes; to describe operational tests of an 
intercommumcanons system and compare abnormal symptoms to the noim^ symptoms; and to pbmt out 
how to locate troubles in the intercommunications system wiring. 

1 What improvement does a newer intercommunication set have over older models? Why ' (IS-I) 



What principlessnciuded with our mtercommumcations system description also pertain to your system? 



J, Approximately what distance can separate two stations if they have a 50-ohm impedance setting and you 
hjve selected I4-gauge wue tor your conductor'^ (Fig. 66) 



4 List four things to consider when pi^ining your intercommunications system installation. ( 15-3) 



5. Cite i major purpose for an installation diagram, ( 15-5) 
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' Li$i three instailaiion fequirctncnts you must follow when iasiailing an intercommunuJations syst«n. 

(lb-:, 3, 5) I 



What is probably the most important requireni«rft when checking out an inteicommunicaiions system^ 



Dunng an operauonal check, how is a desired station selected? (17-3, c) 

Volume IS correct when the user can speak at what distance from the unit? (17-3, g) 



f 



What acaon is required to converse when your helper calls from a master station? ( 1 7-4, A 



In what section of the intercommunications will you do most of your repair? (18-1) 



Which of the following equipment checks is (arc) your responsibility: weekly, monthly, daily? 
(18-2,6) 



Dunns the repairman's scheduled inspection (check) how should he check the vacuum tubes? (18-6) 



What three types of troubles will most likely require the use of test equipment? (18^7) 



Idcnufy cable conditions that you may expect to see, (18-9) 



During a trouble location test, what is revealed to you when the speech is distorted? (18-10) 



What further step should a repairman take tf no trouble is found while troubleshooting the external 
winng? (18.12) 
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CHAPTER 6 



Objectives: To examine the op«rating^iacipies for 302 Switching Unit circuits and devices; to point out the 
.-onnections that result in circuit operatioit; and to specify maintenance proceijures used with this switching 



umc. 




1 . List controls at the assistant controller s position that have the same nomenclature as that of a key 
system telephone. (19-2) 



2. Assume that you arc leaving the van and have no replacement assistant controUer. Now, identify the key 
at Oie assistant controller's position and the selection that vou make for this switch before vou leave 

(19-2) ' . ■ 



3 What telephone system arrangemen! permits a lifted handset at the telephone to connect with, and 
s! nai. the assistant controller? (19-3) 



4 How iT.any loudspeakers will you expect to find in the operations van? ( 19-3) 



\Vhik;h uoiored key is used by the tower operator for requesting attention? (19-9) 



o. Idenufv the switch or switches that must be operated to light the COM lamp. (.19-12, 14) 



V ou have maintenance responsibility for how many panel lamps at the control tower' { 19-15; Fig. 69) 



S. Where wOl you find the 834A networks and CO relays w*nch serve the tower operators'' ( 20-3) 



^. identity four equipment units that arc mstailed on the J53033C equipment cabinet in the power van 
( 20-3; Fig. 73) 



10. 



.According to iigurc 72, what type of signaling arrangement is provided for the station Ime circuits' 
! 20-4: Fig. 72) 



How many one-way voice circuita are installed between the operations van and the conud tower'' 



Foidout 5 shovfs what components focm the series operating circuit of relay SL? {20-6; FO 5) 



IdenUfy the current that operates the relay which completes the ringing circuit to the caUed telephone 
suuon, and describe the current that sigruis this called stituon. (ZO-9; FO 5) 



Using FO 5 as your guide, wiil you find the H relays for the same telephone circuit installed in the same 
unit? C^O-n.FO 5) 



What relay can be considered as the "precondition" relay for operating the controller's control switches 
and their associated equipment? (20-6, 15; FO 5) 



List the devices that form the complete circuit which operates relay CT. (20-15, 16; FO 7) 



Which relay contacts siiunt capacitor Pi 2 when tlie 302 Switciung Unit has a power failure'' 
(20-20: FO 7) 



What will you do to release the operated H rehy in a station line circuit.' ( 20- 1 2. 21 ; FO 5) """^ 



In '.he J53033M unit, what device is connected to a ground terminal and e.xtends this ground potential 
10 -the FLl reiay. thereby enabling the relay \q operate.' (20-24. 25; Fic. 82) 



What reiay m the dark environment control circuit operates following your placing the LP COM switch 
atOFF^ (20-30; FO 4) , 



What eftec; *.viU an operated CO relay in the dark environment control circuit have on ±e potential for 
the D leads? ( 20-30:FO4) 



o 
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12. Isknufy ihe relay contacts that cause the colored lamps to flash during a 302 Switching Unit request 
condition. (20-3:; FO 6) 



23. Research FO 6 and list the connections between contacts S and 6 at the AMBER key and relav K.^ ' 
CO- 29. 35: FO 6) 



24. lost the order in w.'uch you use the request pushbuttons when doing a performance test. ( 19- 7-9; 20-37) 

25. List the two methods that you have to when extinguishing the colored lamps. (20-37, 38) ^ 

\ ■ \ 

26. 302A system nxamtenancc i> divided into what four broad categories? (2 1-2) 



Individual components are not normally isolated to be tested, but arc proven good or bad in what . , 
manner? (21-8) ^ 



28. Green workcards provide inforftiation on what type of routines? 121-9) 



29, What action is recommended if a repairman finds a faulty 623 A key umt whUc troubleshooting*^ 

(2M3) 



}Q. What means is used to insure matmg of a cable to its proper receptacle? (21-22) 
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ANSWERS FOR CHAPTER REVIEW EXERCISES 



CHAPTER 1 



A ! Al key system provides specuiized telephone communic^itioru for offices within the same 
organuauon. 

A key system uUows each user to perform functions that a PBX attendant would provide. For example, 
holding calls, signalling, and supeirvtsion. Therefore, no attendant is needed 

A key system is flexible because it has features that enable any station to be large or small and to differ 
from any other station. This vanety of features is provided by smipiy adding or changing key units. 

To troubieshoot a fCTU, you must look in the equipment cabinet. 

The PICKUP key connects the talking circuit key telephone to the central office line. 

The 565 key telephone has five PICKUP keys and one HOLD key. 

Depressing the HOLD pushbutton results in a winking lamp. Of course, other activities had to precede 
this action, but these procedures have yet to be described. Chapter 2 will disclose them. 

The Call Director has a greater number of pushbuttons for connection to communication lines and the 
construction is slightly different. Accordingly, the appearance of the sets differs greatly. 

A k«y system package unit usually mciudes a combination of l!ey teiephone units, a pow^T supply, and 
internal cabimg. Additional cabling is provided if ordered by the mstaller. 

KTU designates the individual unit consisting of relays^md allied equipment needed to perform 
specjtlc services. 



A :o:D or 2308 will operate when you depress a PiCKLT key. 

Since the 230B has four times as many lines as the 202D, it would have at least lb relays. 

Sciccti\'c signalmg for a key system intercom is provided with a ZOIC KTU. 

The Ql transistor is the comparable nng control device in the 1A2. 

Yes. Any key telephone used wnh a I A) system is usable with the IA2 system^''''' 

The card is easily removed and replaced during a troubieshootmg procedure. 

Tne 6 A is strictly an mtercom system. The lAI key equipment is a central office Ime controi system, 
Remote stations are often referred to as *"ilave*' stations. 
Remote stations receive power from the master stations. 




CHAPTER : 

1 - The 13 KTU controls ail judibie and visual signaling at the telephone 

2. Current is considered to flaw from negative to positive in telephone circuits. 

Ktfy telephone system manufacturers use symbols to show electronic devices and their position in a • 
circuit. 

4 Vou learned in Volume I that voltage is the same at each branch of a pa^aUel circuit; therefore, the same 
voltage will be present at the line temunais of each phone since they are parallel connected. 

- . Thermistor R prevents false operaupn of the R relay' due to its resistive characteristics. 

t. Tlie !wa;K: path for relay R is completed through contacts of the AH relay. 

Relay R m the line circuit releases foUowing the operation of the thermal delay jciay . 

^. ,\n incommg call at a key system telephone is indicated by a fiashuig lamp. 

'J. Vo. The lafnp is on 0.475 second and off for 0.025 second. 
: J intcrnirter contacts 4 and 5 control the lamp (lash circuit. 
1 ! Kch^ s A and .-SiH are operated in the :02D or 230B KTUs. 

! :. The AH :n j H relays m the line circuit make the contacts that complete liie circuit for wijikmg l^mps. 

Vou would (ind a reading of ISO ohms at the H relay coil. 
i4 No iuuibie signal is possible dunng power failure unless you bndgc a rmger across tjp and :mg of the line. 

: - Termmoi 208 of the :07C provides ground. 

A nine-.: .!!on intercom system would logically have the digits 2. 3. 4, 5. t:. 8.9. 0. Digit 1 is not used. 
1 Rcia> A .n '.he IQ':(^ is liie dial pulsing relay. 

1 Rviavs B. C. ind T of tiie 2070 are designed with RC networks or special windings which make ihem 
>;ow :u release, and ihus not follow the dial pulses. 

B> dialing the selected station tour times, you permit a t)-<econd nng, l.S itcond per ring. 
'J Rjj j> A and B reinain operated during conversation. 

: : The (.T .3p3c;tor is charged lo approximately - 16 volts whde the line"circu!t is idle. 
:2. Reiay C cannot operate aue \o resistor Rl 1 iimiung the current through its windings. 
Ij. Duration of time'uut is detcnnined by the discharge time of the CT capacitor. 
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Termwui 17 ot lixe iinc KTU in the 1 a: key iysiem provides negaUve battery for the circuit devices. 

Iheijuap circuit ia a c«d KTU- indudes .aoitfaci Mi of the A fday and M! of the C relay, in addition 
tu the line connections to the teieph<j.ne, 

Rciays B. C. and L of the Une KTU operate when the MOID button i» depressed in a I a: key system. 

You must iirap terminal 10 to ttrminal 9 on the IA: line unit to provide the lamp wink feature. 

. A OA kw*y syscehi oniy provides intercommunications between stations within an organization, whereas 
the 1 Ai system can do this m addition to permitting caiis to nonorganizational sutions. i.e. central 
office imes. 

A -make': typcv-ontact on relay A of the :07C controls the operating circuit of relay B. 

You must depress me INTERCpM key and lift the handset to get dial tone. 

A wi.-ing option is a point in an dec meal circuit where you may choose one of two or more ways to 
connect wmng. v 
/ » - 

Operated BCl re^ascs. relay BC, increases current for relay LS, and opens the operate path of relay TBI. 
rne>>«ils *iil ring iijtermittently untd answered or abandoned. 

Relay BY restores t'oUowing subscriber hangup, opemiig the circuit that held relay T m the selector unit. 
A path IS then complete to operate relay Rl through contacts M4 of the T, which releases slowly. Relay 
RX. operating, wiU operate theTR relay, thus completing the connections for the nncer at the called 
station. 

key telephom .re always connected m parallel. 

Relays IB I and TB: i.uppiy the talk battery for the telephones of a 6A key system. 



CHAPTER 3 

To provt% 1 key system with intercom to a requesting agency, you must determine what its 
requirements arc, consider what equipment is available that provides the desired features, and prepare 
insiaiiaiion spentications for the selected equipment. Of course, there are adduionai duties to perform 
For example, installing the cables and the selected equipment, and making a preoperational inspection 
and operaiionai test. 

Power coimecuons information is found on the Key System Snapping Sheet. 
_6ne foot' of clearance is required to open the gate unhindered. 

The proper height to mount an apparatus cabinet is approximately eye level to an average man. 
;5-pair 24^auge pia^^ic cable is considered standard. 
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6. Spares should always be saved for future use, ^ ^ ^ \ 

7, Six intfii^ is adec^uate length for tanxung conductors, 

S. Type ao terminals allow easier, faster termination. > ^ [ 

' ^. The iiahng code for the fourth station would be 5, since digit I is not used. 

10. The I :th single conductor of a connector cable is blue with a red tracer, as shown m figure 44. 

1 1 . Ring or pair I in a key svstem cable is blue, while tip of the same pair is white. 
Tlie D color code is considered standard, and used most often. 
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1 3- Pair 7 of a key system cabie should have conductors with orange- and red-colored insulation, as shown 
m figure 44. 

14. A "'S-'pair plastic-covered cabie has three binder groups which use a blue, an orange, and a jrees binder 
wrappuig. 

15. 24-gauge wue IS used most often and considered standard. 

lo. Terminals 5 and 6, terminal strip is used for lamp (Lj and lamp ground (LG). 

1 ^. VVnen msrallmg conductors that continue on to another pomt, the 7148 blade must be reversed, 

1 i^. A close ejcammation of a newly mstailed system is sometimes referred to as a "^preoperational' check/' 

CHAPTER 4 

1 The insiaUer-repairman is responsible for making a system operate and keeping u operatmg; therefore, 
he must be familiar with the tem^mal cormections tor the equipment at his installation. 

1 A newly mstaiied telephone system should be checked out oy testmg each telephoi.e m the system to see 
ihat it tunctions propcriy dunng each feature oi operation. 

.\ To select your own telephone when testmg from the third mtercom station you dial the d:git 4. 
4. Only one digit is required to-4etermme if a diai is good. • 

Tlie lamps are connected in paraUei. TJierefore, if you recall your previous experiences and the 
Lnibrmation of this v:haptcr. you know ihit a lamp in parallel with others can burn out and not aifect' 
the others. 

o VVTuMi a lamp is rlashmg at your statjon durmg an operationai test, you should depress the bunon 
cuntaming thai lamp and iift the handset. / - 

A Call Director telephone functions the same as the six-button key telephone "set except that it has a 
greater number of buttons. 
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8, Rciay TBI in the 6A intercom system provides battery for the first (primary) laiking circua. 

*^ A 6A intenrbm system station that attemps to siipai a second, but busy station, receives busy tone. 

< 

10. You CM expect tu find an increase m circuit current when resistance is short^circuued. 
I i. You can,venfy if the reported trouble exists by operating the equipment. 

12. You should start looking for the trouble from the unit m trouble. 

13. A low-vaiuc ohm reading Nvhen testing toward the shon circuit near the center of the circuit indicates that 
that section of the circuit is not open. 

14. Circuit fuses open as a resui^ of an mcreasc m^current m an eiectncal circuit. This is often referred to as 
an overioad 

1 5. Most of the troubles you wiii encounter will be of a mechanical t>'pe. i.e. contact adjustment. 
^16. .A feeler gauge should be used to measure armature travel. 

1 Relays must be tested electncaiiy and adjusted mechanically. 

\ 

IS. In many cases, rewrappmg ait existmg wire will cause it to break. 

19. Advantages of soiderless coiuiections are that they are safer, faster, and cheaper. 

ZO- No more than 1,16 inch of skinned wire should show between termmal and msulation. 

2 ! Insulated ^Mt must always be used for cros^-connecting if there is any possibility of short-cucuinng. 

. ' CH.^ER 5 

i. intercommunication ^ets ire smaller because soiid-state devices are used rather than'vscuum tubes. 

Z. Pnncipies of installing, operating, and mamtaming intercommunications equipment apply to ail 
systems. \ 

3. Usmg 14-gauge wire between your stations extends the distance between two stations to approximately 
12.000 fee L 

♦ 

4. Four thmgs to consider when planning your mstailaiion are: ( 1 ) How many statioijs are required, 

\ Z) js th^ system to be expanded; (3) are any of the stations to be located in v/et or hazardous areas, 
and 1 4) what is the total length of the cable-run. 

^. An mstailation diagram is useful for reference purposes. Men referring to it include supervisors, 
presently assigned repairmen, and subsequent assignees. 

6. You must piace your mtercommumtation^ equipment ( \ ) where it will perform most effectively . \ 
< where it won't be a safety hazard, and { 3) where it won't be subject to destruction. ^ 
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An operatiofut checkout of un intcrcommumcaiions s>'stem must include a test of ail stations and each 

A stauon IS selected by operaiing the associated seiector key to the up poiiition (ON i? 

Voiume shouW be at a proper level if the user can be heard clearly while speaking 1 2 to 1 8 inches from 
the umt. 

If your heiper calls' uom a master sution, you may remain m the IDLE position wiule convemng. 
Your repair acuons wiU be taken m the extemai wiruig portion of ihe system. 
The monthly check is the responsibility of an instalier-repairmam 
The repairman checks for looseness or cracks. 

Locaung shorts, grounds, and crosses usually require the use of test equipment. 

Cables may appear to be soUdly connected, to have no sharp bends, and to be neat and properly m piace. 
However, they may have sharp bends at the terminals, or have shorts, -opens and crosses from 
unwarranted twisting at the sheuih and excessive strain at the terminals. 

Speech distortion is caused by uJubie ampUilcation, most of'ten. the tault k>{ the operator. 

It the repaimian rinds no tauit m the external winng. he sl ouid ±sn report all $>'mptoms and tlndings 
'.o radio maintenance personnel 



CHAPTER 5 

The assistant .•antroller's position mcludes LINE lamps. PiCKLT and HOLD kdvs, and a aiai. whicn '^ere 
liso listed for a key system telephone. 

Before you ieavc your assistant controikr's position. pUce/he contrulier^ 0FF-WIRE-R.\D10 ke% 
OFF or RADIO. / 

The dira't hne arrangement m a telephone system permn^ the ."ortnection and signaling of a station 
o\' Utting a telephone handset. 

One loudspeaker is mstailed m most operations vans. 

The tower operator ^ams the attention of the controller by pressms the RLD request button. 

Vou must operate the ON and COM switches to the COM lamp. 

You have mamtenance responsjbiliry tor 16 panel larfips at the control tower. 

The equipment that serves the tovr-er operators is mstailed in the apparatus cabinet. 
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The J530a9CW.I JS3009CY.I. J53009CR, and JS3009CU uai« are msiaUeti on the J53Q33C 
<;qui]pmefi^ cabinet in Uie powe^ van. 

The statioft liac circuits axe deveiopcd to provide two-way signaling. 

Three one- way voice cucuUs arc tasuUed between the opemuons van and the control tower. 

Contacts of the UNE key, contacts BMl : of reiay CRi, and contact I of reby WTl , and the windings 
of reiay SL fonm the series openung circuit of relay SL. 

Direct current operates the FR reiay wiiich completes the lingsng circuit to the called station. 
Alternating current rings rhe faeils of. the teiephone at this caUed siation. 

Since one H relay is in the station line signaling circuit and the second is shown in the line selection 
circuit, it IS fvideat that they are in different units (J53033S and J53009CW).' 

Reiay WTl can be considered as the "precondiUon" reiay for operating the controUer's switches and 
ihtfir associated equipment. 

♦ 

Contacts 3 and 4T of reiay Cl , contacts A and 1 of relay CB. and contacts 3 and 4B of xeiav RS form 
the operating circuit for relay CT. 

Contacts IB and 2 of reieased relay AB shunt capacitor PI 2 when the 302 Swiiciung Unit has a power 
failure. 

You should depress the LINE key for the station bemg held operated in order to restore the H relay. 

Contact 41 of relay A is connected to a grounded terminal for the purpose of operating relay FLl. 

The CO relay in the dark environment equipment operates when the LP CONT switch is oVl 

The operated CO relay m the dark environment equipment replaces a voltage 2t the D leads svith a 
ground potential. 

Conucts 4 and S ot relay FL provide the colored lamp tlashmg circuits dunng a request action. 

Between reiay K2 and conUcts 5 and 6 of the .\MBER key are conductors A2, pms 27 and D, and 
lerminaJ 1 ^ on the terminai stnp for the J53033B unit. 

You would press the WHITE request pushbutton, then the AMBER button, and finally the GREEN 
pushbutton to check the normai operation pattern. 

Vou press a colored key for the second lune to extinguish the associated colored lamp, or by pressing 
the subsequent colored key you can put out the preceding colored lamp. 

30:a system maintenance is divided into uispections, performaiice tests, trouoie location, and 
repair, c 

Individual components are provt^n good or bad by an operational in'dy$is^ 
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:S. Green worJccariii provide information for prevenwc uuwtenance performed while the equipment 
IS operating. 

29. Thi unit should he replaced, lagged, and sent to depot for repair. 

30. Cables and rccepiacics are coior-coded to insure correct mating. 
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1. MATCH ANSWER 2. USE NUMBER | 0R 

STnO SBESTTO THIS NUMBER l |PE!^ett. 

a I Uf- EXERCISE NUM- 

BER. 

36254 04 22 

EXTENSION COURSE INSTITUTE 
VOLUME REVIEW EXERQSE 

Carefully read the following: ' • 

DO'S: 

C 

1. Check the "conrse," 'Volume," and "form" numbcre from tlic answer sheet 
address tab agaihst thf^ "VRE answer sheet ideaiification number" in the 
righthand column of the shipping list If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
cote of explanation. 

« 

2. Note that numerical sequence an answer sheet alternates across frora column 
to column- 

3. Use a medium sharp #1 cr ^r2 black lead pencil for marking answer sheet. 

4. Circle the correct answer in this test booklet After you arc sure of your 
answers, transfer them to the answer sheet If you ha\^ to change an answer 
on the answer >heet be sure that the erasure is complete, U^': a clean eraser 

. , But try to avoid any erasure on tha answer sheet if at all possible, 

5. .Take action to return entire answer sheet to ECI 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandaioriiy^ enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student send questions or comments to ECI on ECI 
Form 17, 

DO NTS: i 

1. Don't use answer sheets other than one furnished specifically for each review 
exercise. 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 

. , errors. 

3. Don't fold, spindle, staple; tape, or mutilate the answer sheet 

4. Don't use ink or any marking other than a #1 or ¥2 black lead pencil 

NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLlW 
REVIEW EXERCISE. In parenthesis after each item number on the VRE 
is the Text Page Number where ihc answer to that item can he located. 
When amwcring the itemi^ on tne VrE. refer to the Texr Pa^es indicated 
by these Numbers. The VRE results" will be sent to you on a postcard 
which will list the aetuai VRE items you missed. Go to the %^RE booklet 
and locate the Text Pa^e Numbers for the items missed. Go co the text ami 
carefully review the, areas covered by these references. Review the entire 
VRE again before you take the closed-book Course Examination. 
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Multiple Choice 

. L (00 1) Amc4emkey telej&oae&^^em ii^ 

« <« 
4, tiiree to seven talking circuits distributed among five Co fifteen stations, 
two fo (our calking circuits distributed among tlve to ten stations. 

c. three to fifteen lines distributed among five to fifteen stations, 

d, five to fifteen lines distributed among three to seven stations, 

2. (003) In a key s>'stem, amphenol connectors arc now used on' 

a- cail directors with EXCLUSION keys only. * 
' b bridging terminals: 
c. connecting blocks. 
d« mounting cords. 



J, i004i What purpose does the EXCLUSION switch on the 656 key telephone serve? 

i 

a. Restores ail PICKUlj key. ^ 

b. Provides privacy foriaii lines. 

c. Provides the user wi^h one private line. , 

d. Permits all stations {o have more privacy. 



4. (005) A 565 telephonji set has | 

a. SIX keys I buttons). I c. lamps but no exclusion. # 

b, exciusjon but no l^ps. d. neither lamps nor exclusion. ' 

5 (005) A 564HL telephone set has 

f i 

a. five pushbuttons, 

b. no speaker-phone control. 

c. four channels for communications. 

d. cutotf without the exclusion feature. ^ 

b. (005 ) Four channels, an EXCLUSION key, station busy lamp Jontroi, speakc^^phune control, and 
piug'in cord can be found on which of the foUowmg telephone sets? 

a. 565EB. c. 565HB. 

tj. 565GA. d. 565LD. 

\*D05) Refer to tlgure 3 of the text. Determine which ot the following telephone sets has four 
pushbuttons,* yet does not have an EXCLUSION key. 

a. 544BB. c. 564HB. 

b 545BB, d. 565HB. 

5. iOQ?) Prearranged key telephone units developed tor a specific system are referred to as i 

a. PBX. * " ' c. centrat<iftlce. 

b. package. d. telephone station. 
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9 , (Q074XIS ) Which of the foilowiai KTU* provides diai selective intercom fa^200G7DC package? 

a. 19I7S. c. 2P7C. 

b. 4flOB. 202D, 

t 

10. (OOS) A 9-station intfrcom system requires which of the tbUowing? 

a. One ii|ic only for selecrion* 

b. r*o-digit dialing for selectivity. 

c. Four master stations and five renwte stations. 
Five master stations and lour remote stations. 

1 L (009) Which of the following des^ features permits foster, easier repair action of the \M key system? 

a, RexibiUty. c. Miniaturized relays. 

b. Prewired systems d. Plug-in Unc circuit cards. 

12. (Oil) Which of the following 6A systems would you most Ukeiy encounter during OJT ui your AFSC 

a, :00HI8. c. 200H1SDG. 

b. :00H9DC. :QuH36DC. 

1 J . i 0 1 2 ) Intercommunications system remote stations can 

j 3, talk to other remotes. 

j b. talk to master stations only. 

c. talk to both remotes and masters. 

' J. signal and talk to both masters and remotes, 

i4. (0154316) Which operated relay in j lAi key system causes the signal lamp to bum without tlashmg' 

^- ^- c. TO. 

^ d. H. 

b. (01 bf Which vontaLt and operated relay in the lAl key system connects the incoming line to the 
siaiiun" telephone talking circuit^ 

a. Contact 6 of rclav c, Contact M! of the relay H. 

/ b Contact B9 of relay A, d. Contact Mi: of relay A. 

lb (01 b) Wluch of the foUowmg units provide the winking lamp for i key system using 230B KTUs' 

a, :3:b KTU and KS-l^l7l network. 

b, . :3:BKTUand interrupter. 

:i:Band400BICTUs. 

d, :::a and 2228 KTUs, • . 

P. (017) How many talk paths are provided by the 207CKTU'' 

3^- 5- ' c. 9. 

b. -. d. 36. 




(01 7) If a subscnber desires to use his intercom line and Mxs his handset, what leiiv or relays 
ixi the ;XJ7CKTtj7 ■ 



(01 S) The operated rotary magnet in the Dial Selective Intercom Unit causes 

a. relay A to release. 

:he release magnet to operate, 

c. the stepping switch to restore, 

d. the stepping switch to operate and. in turn, to operate the ON switch. 

(019) Which of the following digits operates the RL relay for the intercom circuit described in the text 

a. Tensviiglt L , Umts4igit9. 

b. Tens digit 2. Uaics digit 2. 

iQZQ) In the 400D line mrcuii, at what potential is the idfe CT capacitor maintained? 



12. (021 1 The purpose of RTZ resistor is to 

a. prevent release of the B. 

b, reset the '•B" release time. 

c- control duration of time-out. 

d. prevent false operation of time-out. 

23 1023) Of die following \A2 key system circuit components, which is not operated when the HOLD 
pushbutton is depressed*' 

a Transistor 03 c. Relay B. 

^- ^^^^y A- d, Reiay C. 

24. (025) The operating circuit of the A relay for the Dual Selective Intercom KTU.used with the 6A key 
system includes * 

a. punching 1 3 A, c. relay 3. / 

b, punching 5A. d. relay L. 

25, (025) What relays must be operated to complete the operatmg circuit of relay BI m the 222 A KTL":' 



a. .A. 

b. B. 



c. A, B. 

d. A. B.C. 



a, - 14 voits. 

b. - 16 volts. 



c. - 18 vohs. 

d. +18 volts. 



a, Relays A and B m the :07C KTU, 

b. Relay B m the :07C KTU and relay BY in the 224a KTU. 

c. Relays BC. BCl . and CH in the IZZA^KTU, and relay B in the :07C KTU. 

d, Relays L. TBI, and TB2, m the :2:a KTU. and relay \ m the 2Q7C KTU- '' 



0261 In an I8-station intercom -system, which of the following numbers would you assign for transfer ' 




c- 

d, 10, 
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(O:?) WTuch oC Uw foUQwmg relays must operai« for U» 'lamps to tltah for a key telephone iastAiied m 
- a 6A key $ysw»'h, ' 



a. Relays A and.B in KTU :07C, reUys BI . LS. L. and LT in KTU 2::a, and reky-M in KtU ^3^B 

b. Relays A and B m KTU :07C, relays Bl and LS in KTU ::2A and relay ST m the 2328 KTU 

c. Relays Bl , TBI . TB2. L, LS, and LT in KTU 22:a. and relay ST m the 232B KTU. 
^ d. Relays A. B, C. and T in KTU 207C and relay V in the 224A KTU. 

2S. (027) Relay LS m the 222A KTU operates because or 1 

a. a decrease in current as \ result of operated contact M2 on r^iay BCI . 

b. an increase in res^tance as a resilt of operated contact .M2 oh relay BCI . 

. c- a decreise in resisttnce as a result of operated contact M2 oii ^elay BC I ' 

d. 105 volts altematix^j current being connected to its windings hv contact Ml of operated relav TBI 
and operated contact M9 of relay Bl in KTU 222A. i \ ' 

i ! •' 

:^ (028) RelayTBlis thetaikingbattery relay for which talking iink? 

^^y- c. 6A primary 

^ ^^2key. d. 6 A secondary. 



-'b (0295 The feature that prevents other subscribers from entering an existing conversation is called 

a. conversation isolation. c. automaitic cutwff. 

b. optional cutoff." exdusii^n. 



31. (03 1) Which of the following KTUs allows the idle station td he.s^gnalied while the secondary- !ink is 
busy'' 

a. :Pa. ^ "24A 

iZ. (Q3! -033) An operated conference pushbutton doss wluch of the foUowing' 

a. Provides dial pulses to_ the 207C KTU. 

b. Provides negative battery to relays TBI and TB2 in the 222A KTU. 

c. Makes direct contact with terminals for many stations, thus completing their talking circuits. 

d. Completes a relay circuit which, in turn', makes additional reiay circuits, thereby rrsuiting m 
signaling for several stations. 



33. (032) Upon answering a conference call, the CH reiay i^rcleased'bv the 

a. calling party. ' c. fe: answentif party. 

b. iast answering party. ,;, $econd answering party. 



34. 



i03£t Proper installation of leiephone stauon is best assured with 

a. tight cantroi and limited disaphne. 

b. simple tnstnictionsrai^d few regulations. 

c. restrictive administration and res«rved faolities- 

d. planning* coordirution, and use of prepared cut sheets. 



35. (036) Whi4:h ol the foUowuig may destroy; inside- type telephone cabie? 



a. Uiht* //• ■* t Heal, 

b. Space, d, RaiA*- 

36. 1035) Which of the following are factors to be^nsidered by a telephone insiuilation supervisor? 

a. Floor support^ wail clearance, cablfc design, equipment placement. 

b. Water qiulity, temperature control, plaster ingredients, and steel stress factors. . ^ ii 

c. Temperature coefficients, frequency variations, electron velocity, and cable pressure deviations. 

d. Conductor breakdown potential, power deviations, circuit vaiiabies, and fuse and circuit breaker 
reiiabilirv. 

37. (037) Which of the following types of inside wiring cables is a standard "0*' code cabie? 

a. ZS'pair piastic. c, 5 Impair plastic 

b. Z6-pair fabric. d« 76*pair fabric, 

38. (.037) How many colored binders will you fmd included m a 50-pair cabie? 

X 1. . ' c. 3. 

b. ■ • d. 4. 

3^. (,037) Ucntify the pair of conductors that you wiH connect to teryninaJs 3 and 4 on terminal strip B . 
1 2308 KTU/ 

X T and R for line 3. c. L and LG for line 2. 

b, L and LG for line 3. d- A and Al for line 2. 

40. { 038) WTien you are making on operational lesi of a lAl key system, you should test 

1. one phone for ail feamres, with other instruments of the system in use, 

b. one phone for hold, incoming sigiial, dial, and mtercom. 

c. each phorr ^^ne at a tune, for all feattres and service. 

d. eu4:h phone for talk, receive, and dial only. ^ 

41 . (038) Connectmg the bells between tip and ring of a key system telephone results m what type 
' ringing* 

a. Metallic. c. Common audible. 

b. Selective. d. Multifrcquency. 

42. 1039) Which of the following lines normally returns dial tone to a key system telephone? 

a. lAI intercom line. Power line. 

b. A '•HELD" line. d, A CO iine. 



43. (039) When a PICKUP key is depressed, you should be able to see a 



a. dark lamp. , c, winking lamp. 

steady lamp. d. flashing lamp. 



2S 
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44. (04 0 Wu»Ji oi" the Mowing proc«4ure4 is cijasidexed to be aii'ficient for dusking a key system HOLP 
cinaut? • ► . 

\ i 

. a. Press the HOLD button. * , • 

b. Depress a PJCKUP key and prew iht HOLD button. 

c. Ut the h*ndset, depress a PICKUP key, ^nd press the HOLD button. ^ 

d. P!ug m the power cord, release a PiCKUP key, and press ihe HOLD button. 

45. (041) Ot the toUowing relays, which provides power to the transmitter of a telephone in the 6A key 
system? ' . . 

is.\^ ^ ± tb:. 

46. (042) Usiially, on analysis of trouble symptoms discloses that 



a. 1 compotlent is open. 

b. 2 device ui shortsrircuited. 

c. a specxfii unit is ih trouble. 

4. test equipment is noi often necessary for key system maintenance. 



47. (042) What r>'pc Kouble will most often occuf in relays? 

a. Open wmdings. ' c. Shorted windings, 

b. Broken spruigs. ^ d. Contact maladjustment. 

48. t044> The minufacturer's specification that allows for equipment deterioration current value changes 
pnor to adjustment is the 

a; inspection value. c. installation value, 

b. adjustment value. d. readjustment value. 

4^ (047) Soiderlcss connections made under pressure are provided with a 

X current-flow test set. '"'^c. multimeter, 

b. wire wrap gun. d. TS365/GT. 

50. i04S) Tile mimimum number of wraps required at a key system terminal for 22-gaugc wire is 

3. ^- c. 4. \^ * 

5 L (049) Shorts at soideriess terminals may be caused by ' 

X maladjusted relay contacts. - c. pigtails, 

b, paraiiei resistors. , ' d. fuses, 



51. 



(05 1 ) Information that ntest be known^br planmng an mstaiiatian should include the 

a. approximate distance of mns. 

b. equipment voltage requirements, 

c. annunciator conitructtoa and Oj^rating principies, 

d. voltage /eadinp al the many equipment test points. 
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{QSZ) M inierconnft:tign iheet can provide maiatenaiKe inlormauan pertamins £o 

b. >ronn«noR du«ge.. ^ tool and test equipment requirements. 

(053) When msiaiUng and locating units, which ot the idlo^x^^ n^rm would be considered as poor ' 
pracuce? ^ 

X Placing umu at spicillcd locauons when possible. 

b. Racing wail-mounted umcs where they will not be d saiety hazard, 

c. Using extension cords when the power source is a great distance from the umu 

d. Always gjvmg due consideraUon to the recommendations of the user. 

( 053) If you are to install two intenrom stations that have a SO^ohm impedance limitation, which of the 
toUowmg approxmiates Lie maximum length of the circuit if you used Id^gauge conductors? 

^ • c. 1500 feet 

^' d. 6000 feet, 

( 054^ Placing uitercommumcations and power cable close together often results in 

i. mducU noise. reduced secunty. 

b. induced moisture. hum frequency shielding. * 

i 054 i When speaking into an mtercommunications unit, how Lir should your mouth be from the front 
of the unit .' 

a. b-iSmches. / 12-18 inches. 

b, I O-i: inches. d, 18-30mches, 

[0<5) External faults uf an uitcrcommunications system are normally conccted 

a, alter notifying the radio repair ^section. 'c. with test equipment, 
lb. by mstailer-repairmen. d. by radio personnei. 

(055) The repairman's scheduled check of an intercommumcation system should include what 
Sand of check on the vacuum tuves ' 

M. Bectncai check for shorts. . c. Visual check for dm. 

b. Physical check for cracks. d. Operational check. 

i05t) As a telephone installer-repairman, what component wil] you be responsible for dunng the 
maintenance uf an miercommumcations system? 



i. Soiid^state device, c. Transformer, 

b. Vacuum tube. Cable, 

(05-)/'*Tiat is the purpose of the TRANSFER key at the console positions? 

a. To transfer the controller's radir. 

b. to exclude ^e assisunce controller. - 

c. To eliminate interference at the pomions. 

To uiDSfer from wire oxcuiis to radio circuits. 



61 (05S> Automsik sipuUni by Uftu^ ifat l^adset iionL tiie teltgione is provided in t 

/ . • . • V ' » - ' • 4 • * * • 

a- lAl iuty syitenu ^ ' ' * • ' * - 

b. IA2key systtuL , 
yc, dirtct line t«lf|rtioM system. ' ; ' ♦ 

d. automatic dial telephone syi^tem. ^ ' ^ 



63. tOS9) Jhe operated AMBER pushbunoft in the operations van 

a- extinguishes the WHrfE lamp. 

b, extinguishii the GREEN lamp. * , ^ 

c. ope;mtei a chime in the o^rations van. 



^ d. operates an AMBER lamp in the approaching ;drcraft. / 
64. ^060) The purpose of\^ie^uest and Kknow^cdgmc^t d 



I a. aid the voice line communicatiosis. 

^ b. acknowied^ the sucus of the radar. 

\c. request astistance during aircraft landings. 

fL identify p&as^ of aircraft approach and landiiig. 



65. (062) Which oi' \}.y, following cannot operate if its ASSOCIATE key is depressed while the RED lamp is' 
glowing? 

3, The GREEN lamp. c. The AMBER lamp, 

b. ThenVHTTE lamp. d. The ON lamp: ' 

66. ' (063) Which of the following circuits is not recorded? 

^ PTT. ^ c. COM. 

53 PAR. . (L RADIO. 

67. (064) Relay TBI -for flie 302 Switching Unit is installed in the 

* ' •■ ' 

a. celcphons relay rack the cOniroi .tower. 
' b. J5300^.l unit at the^speraiions v^. 
'. c. i53033P- 1 unii at the operations van. 

' d. equipment cabinet at the'power van. ^ 

6S. ; (066) pie hMdset ronnec lions are changed from RADIO to WIRE cuciiits by depressing which of the 
following keys? 

a. PICKUP. , . . c. TRANSFER. 

b. ' RELEASE. \r ' ^ d. PUSH^TaTALK. 
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69. (Oi6) Optf atini xhf^TRANSFER key of. a 302 Switchini Unit to WIRE.causes wKiUi r«Uy to opeAte? 




/- 



«. Fit ^:t%\. 
'b. PL . d, vri. . ^ 

_ 70. (067) "Refer to foldottf 7. Placing th^two windinp of rtliy CB in parallel will 

a. increase the current of the circuit. 

b. ixtcreaie the resistance^f relay CB. ^ 

c. release the central ^"fice. equipment, ^ ' • • 

d. release the 302 SwfigingtJnit equipment! ^ ' 

7 1 , (067) What component short-circuits the controller's receiver during dialing? 

a! land 2 of WT. c. 4and5TofRS. 

b. 1 an^IBof RS; " * ' d. 5 and 6T of RS. 



72. (OSS) Which of the following relays provides dc fof the trrnsmitter gt the controller's position? 



^ ' c: TBI • ' • *. 

b. CB.^ V - d,TBl. - 

73. (070) Which relay starts ihcreiay sequence for flashing lamps during an incoming call? 

a- Jf • • , ' c. FLl. 

^- • i ST. * ^ ' ' 

• 4. (070) How many keys arc located iii the J 53033 A, key and lamp unit? 

^ a. 6. • c. la . 

fe. 8. L 12. ' . 

75. {07 2) What action must be taken before using the requeic and acknowledge feature? 

a. Operate the LP CONT switch. * . . 

b. Press the WHITE button. - * 

c. Operate the ON switch. ' ^ 

d. Grounti the "D" lead. * , 

76. 4072) Which of the following relay groups in the 153033^1 unit causes the AMBER lamp to function? 

a. FL Ai; A2, A3. A4. ^ c. A2, BO^, K3, BR3, K4, A4. 

b, FL, A2. ^2, BR2, K2. ■ ^ d. Al, Kl, A2, K2; A3, A4; IC4, 804 ^4. 



"n. (072) What Miays in th» JS3033B Wi ate mnltd to b« optraUoiui if the RED lamp ii|Sil suaSiiy 
tbiidwinf;tp«ffonnaj»;«teatatth«o{Mntioaivan? ' ^ ^ 

0. AI,A2,K1.K2. ' . - c FL.A4, K4,B04, BR4. . 

;b. FL, A3. K3. B03,BR3. ' (t AC4, ^L, Ai. a;. A3. A4. K4. 

78. (074) What device si^es to * second contxolfcr that the fint coniioUe; 'is using the one-way voice 
. circuit to the control tower ? \ • . ' , 

. a. A RED lamp. . ' • g. An operated chime. | . " 

(bi A lifted miamp, ^ d. Play bacic from a recorder. S ^ 

V r ' • ^ 

79. <075) In i three-position operations van. who is normaUy responsible for the radio coi.ununkatioM'' 

. ■■ 1 • ~ 

a. Assistant ccu^troUer only. 

b, NCOIC ofRAPCON unit. ^ ^ ' 
ConticUer oaiy. * 

d. Ail operators. • 

80. (075) During a ratiao transmission, the coniroUer's transmm^ 

a, is protected froH) acoustica^shock by a pled, . * 

b, is shunted by cortiact 3B reliy WTl. ' 

c, has no impedance'match. - / 
needs. dc. ' , * /. . 

81. (077) During routine maintenance, why is it unnecessary to check componencs individually? 

3. They do not maiftinction- " 

b. The user, reports ^elr condition daily. 

c. Opiraiionai checks /eveal their condition]** 

d. No individual components may be replaijcd. * 

^Z. (077) Infoimaiion abq^t pcrfonr.ancc routines is usually found en i '"^ 

X pink workcaxds. * * 

b. green workcards* . * 

c. the equipment cabinet o£ the power van. N 



d- the ^tfiephone relay rack in the control towen 



83. (077) Assume that the fmi USE lanjp at^lssistan^ controller position 1 hi fsUed to illuminate but 
that ail other lamps are effective. What would be the logical solution for this condition? 



a. Check t^ie fuse paneL * 

b. Replace the USB lamp. 

)j. Repine the ground strap that comiects to all jhe UNE lamps, * 
- ± Readjust the springs on the PICKLT key serving line ' . . ^ 



(578) To^ clein leUy coaucts, wi^ch of tht fallowing methods Is least rtcqmmended? 

a. Wiping, c. Brushing. 

b. Mowing- ^ ^ <1 Bumlihing: 

(079) What is the primary purpose for color<oding cables ami receptadei? 

a- For proper rtutia*^ i • c? Tb insuie pfopef fit 

1}, To identify circuits. . d. For appearance only. 
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